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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of cutting a rate earth alloy by a fixed abrasive grain wire saw 
which can execute cutting by using a cooling fluid mainly composed of water. 

SOLUTION: In this method of cutting a rare earth alloy, using a wire saw securing abrasive grains to a core wire, 
the rare earth alloy, placing its part cut by the wire saw in a condition immersed in a cooling fluid mainly composed 
of water, is cut by making the wire saw run. The cooling fluid is contained with an extreme pressure agent by 
volumetric reference of 500 ppm or more but 20.000 ppm or less. 
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(54) mm(D4iim ^±m^^o9}wmm»^xm±mmn(Dim»m 
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^y—{zx^xmm^ti^^s^^7k^±^^^t'r^^m 
mi>^mm\^tc:^mx\ u4'Yy-^±n^^^:it{^x 
<^x^±m^^^mm't^. i^mmi-tt^mmrnxs oo 
p p mj^ii±2 0 0 0 0 p p m^T<r>m&mmm^^^ir 

-So 
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mm^±m^^ :^^mm i7 ^ y - ^ j: o t^bu ^ n 5 

pmJ^_h2 0 0 O 0 p pmi^TOSEES^iP^PJ^-g-^-r 
iS^^02 0 0%-6 0 0%CD®ffll^(Cfe<9. E-O, hu 

mo 

im^m 1 1 ] m^m^<Dw^i^m^D\±. 20 40 
uut^h^^^^fh^^tKx^x^ m^muut^hmx. 
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SI paste, '^—^>'^<D^m.i^f:L\'±if^nm.&^w^^'t^ 

Ilt^«16l mm^±m^^\^. R-Fe-BS# 
Ilt^JS 1 7 1 Huiai&iS^^fi. Nd-Fe-Bm 

[i«^is 18 1 ^±®^^^&*^^e>#±s^^^<^^^ 
^*:^f^M-r5xm^. 

ft xii^hii <D\,^'TfiM^um,<D^±m^^<omi\ 

[ffj^Jl 1 9 1 ti*Jl 1 8 te|a«0#±S^:^cDMit 
[ fS^^S 2 0 ] m^^±mm^<OW ^t^O, S mm- 

3. Omm<o$6ffi{;ifc§IS3j^3Si 9tc:|B«o^-f :5^='^ 

[^^t^pa^^cCl^Wl 
[0 0 0 1 1 

w^^mm-^'^f^v^w-^m\^^x^±m^^^mm 

[0 0 0 21 

o^-r^o ) ^m^ir^:)imt\^x\^. v^m^h. 
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[0 0 0 4] >^9-(i^>'^y^—h*X^hm^l.^^^(> 
«^Jx.fi. 11-198020 M^m<D 

10 0 0 5] 

?^^^«^er-r«lV^^ffi (R2Fei4Bffi) 

fc. *±s^^cojtmf^. mi , 5 <i: v- y =1 ^^(7)^*^- 
[0 0 0 7] ti^or. ^±^^^^. f«v^^nx5fiSr% 

min:ix^x±^^ti^mmm^mm^<mm-t^'j;^^m 
10 0 0 8] mmmcmritc/^mm ( r^j^ij^^j 

So 

[0 0 0 9] L:^>^L/.^;6S^. ttttco?^ai?Ktc(i, 
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Omm2/s) dsi&v^co-c. jfetr^-S 17>< y — m+^j^ 

t 0 0 1 0 1 11-198020 #<i2^«ti. ffta 

m^\t2 0 0 Om/m i n) r**fT^ -^5#'g^^C^oV^ 

Tt>. ^mm%:}p^'Yy-\cmm{^Hm^'^^:itt>x 

g^tcJ:S^x :i'—y<—y^--L.X\i^^7k(0^\z,U^^y 
— (0iJx:f^> 4#BI¥l 1-1 9 8 0 2 0-^<i:^Sltc^^$ 

OOm/m i n^gST't^i^birCo w^xH. ±iE<0*-fe 
[0 0 11] :^^m\t^t^^m^\C&^X:^S:^Mzh<0 

v^T^^T'ets. @:e?K«;ty-r'\-y-(;iJ:s*±S'^^ 

^ /u^- ^ ^Jitt-r S r <!: 6 o 
[0 0 12] 

30 mmr7^^y-{cXoxmW\^iv^n^^7i^^±^^t 

^^i^mm[cmmi.fz.^mx\ mmvp^^y—^mi^ 
iirs c t {zx<:>xmm^±m^^^mm'r^x.m^'^^ 

WlHft*n?S;5S#:«SS^-C5 0 0 p p mJ^±2 0 00 

0 p p m^y.T(Dmf^mmm^^^'r^ r t ^^mt l. 

CO :i 1 1 c J: o T ± la @ 6^ :0 5 it ^ ^ n S o 

[0 0 13] wimmmmMm{'^mn^mit^^x^^:z 

[0 0 1 4] mj|S/^ai?gc7)2 5" C(c:*5ttS^ffi?i;^fi 

[0 0 15] 7km-\^(D^^mmm t . m 

^'^f&mmM(DmM(D 1 of^— 5 oi&(Dmmp^o:>mm<D 

[0 0 16] fcSi^^Ji. 8SfE?%ai?«f:i. l^-ffi^ttSJi:. 

^ffifgttS'jofiffic^^ 1 ofg—s om<ommp^<omM<D7!<, 
[0 0 17] wi^?^mmmnmm^'^A^xi,^\^\ mm 

50 [0 0 18] fitri5«s«[fi. mmi&m(o^mm\cm^:^f\. 
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mmw. y^/ —/\^mmm <omm:^^ ^ ism lt v > s 

[0 0 2 01 SaiE?S5|&(05pj?|?3Kr@D(i, 2 0A(m<D^ 
[0 0 2 1] tulB^^iJxai-:J3V>T. mm^±m^^:^^ 

[0 0 2 2] Btjfs^jS'jxstcjov^T. mm'^nm^^i^ 

^(c:&titti^ft(*> tulElfco^Sos o%Jl^±T-fe^c: 

[0 0 2 3] Mfa^N'jxa(-*3v>-c. taiaBipgpd^bet 

[0 0 2 4] SufB^H'Jxm(-*5V>r. mUW<Om^mu 

[0 0 2 5] mUm±m^^n. R - F e - B 3^*±S 

[0 0 2 6] *^PJcDi^±m^;FcDK3t:frifef^. #-±S 
^^«^*;^-^#±Si^^co^^^^^i^]Ki-^xS^. ± 

fls:;0^^M»(7?4^±S^^^5>^-r6X^i:^^-g'L. ^ 

[0 0 2 7] *:^0Jic:j:6/J<-r;^=i-f /i^^— ^(i. _bfS 

^{ix.rv>5o Hftia^±«^^(7:)J[l$d5 0. Smm— 
3. OmmCO®!a(CfeoXt> J:V\ 
[0 0 2 8] 

[0 0 2 9] ^mm\c2:h^±m^^(D^m:^m\t. is; 

^ffl-r^xS^'S.^U. ?&a?S;d5«^«^^-e 5 0 0 p p 
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max 2 0 0 0 0 p pm)^T<Dm&muM^^^^^o 

[0 0 3 0] sjE^j!?p^jfi. wmmz^m^^^m^mi.^ 
<toT. ^±m^^t:m^ir^^m7cm m^m) tit 

^mz.Kt^.i.x^mi\L'^m^ft^j^'rho ^(otL^^ #± 

10 \:iit^mm^i)m\^^vkw^(oif^nm^m^^xh. ^±m^ 
[0 0 3 1] mf^mmmt LT^i. (s) ^^^-r 

it^^^^^^{z.mtix\^^^o ta^s mn^mjEmm<D 

[0 0 3 2] :^mm(o'^mmiicmu^ti^mj^mmMt 
20 vx»m{^m\f^ibti^mn^mit^m'^. mm:^^n 

50 [003 3] m&mmm(D^if^mm^m^M't^mmm 

^ f^^aS^T* 5 0 0 p p mJeAX 2 0 0 0 0 p p mi^T 
"efe^^i:7!>S^^L<. 1 0 0 0 p pmJ^XS 0 0 0 p 
pmi^T-efeSr i:>dS$f3W?^LV\ SOOppm* 

;e)^fe«9. 2 0 0 0 0 p pm^^x.^^. ^±^'§^^^i^^^ 

^}^±{z^ft^i.. mm^ (Mi-Am ^mt3ih:Lt^^i^ 
[0 0 3 4] ^hitz^ }^m^(D2 5° c\c^n^mmm 

[0 0 3 5] *±S'^^^®^^g3Kt!7^i-y-^fflV^T 
^giJi-^XS^. 2 5" C{c::fctt 5^3531:^^5^ 2 5m 
N/m--*^ 6 0 mN/m (*^25dyn/c m^-i^ 6 0 
dyn/cm) COtSlSP^{Cfe5i*&Sl|^lC-^gygi5;0SiSjK$ 

50 ^^^y-{cnir^mtii± (^fcJi^t^C;^) ;55fft^5(7) 
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[0 0 3 6] *»^o*±S^^o«)»f:&ffi(c:*3V^T» 

^«3Sc(C<torjlj3Ui-6Ci:t>^tgT\ 2 5° C{C*5J+ 
[0 0 3 7] ?&^fK<D^ffigi:;f;{i, X <^htlX\^^^v' 

10 0 3 8] /^ib\ ^T<ommmx^'rmmm^m\^. 

^^^m\^^xm^^mmmmmx-^i^fzmx:h^o mm 

^m:^^f^^7cm(0^xmh^^^(DX\ ^^^ffiV>T*a6 

m^\t. ^m^wm4, 770, 7 2 3-^*dJ: 

tJ*ll#fF^4, 7 9 2, 3 6 8-^^C|S«$tLTV^-5o 

[0 0 3 9] 2 5° c<Dmmmti^fc\'^mmmm 

tcti, 15° 0-3 5° c<Di&mf^itaM.mmm^tirz'/^ 
al^S^^fflv^6c^>^iW*L<. 20° c~3o° ccom 

iartt-^^^<b;^^^btc:$^^L<. 2 0° €--2 5° C 

[0 0 4 0] ±mmm<ommmti i^tzi^mmm^^m 
m<Dm'^±^^nmi-^^t^^x^^<Dx\ m^comm 
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^tthi,::. v^mx*)hm^mm{^K<:>x^^'Yy-^ 
[0 04 1] ±mmm(om^mt} (^fcnw)mmm^m 

>< (Sy n t h e t i c) J t^ffftl^^^mmM 

^7K\^mM't^:Lt{-x-Dxmm^ti^o mm^mmm 

fz^9 ^yiy-^^hm^^m\^^x^±m'^^(omm^^E 
i^cj^m-r^^tt^-^mx. '/^mm^nmm-r^:^t7(>>x 
#5o ^m^&<Dmm^mKx^x^mmm\^mm 

m^R\^'r:it^m±-i'^:it7^^x%^. 

±i-^:it:^^^x^^o 

[0 0 4 2] ^^^y-^mmx^n^-^^^^^i^m^i^ 
not. if^mmtmmi^. '^ms^mt^&T'r^-t7^>>^ 

$btc, PH;dS8'- 1 l<7)®ls^^tc$>^^^^^^^g:$:fflv^^ 
r^fc^tor. ^±m^^<Dm^^i^mi-^:^t7f)^x^ 

[0 0 4 3] !7^-^y— ^ LTfl. ^-f >- K^5g*fe 

x^^o mmm n i i^o^m^^oxmi^^ 

m^) {^x^xi¥mi^titiv^-Yy—\cit-<^tmn(D 

tiif^nm^m\^^^:L t\:ix.-^xm^(D\'X^^fhm^'p'^^< 
[0 0 4 4] /^*3. v^'^y-'<Di&m{t. eryiaicfis 

^tb-f. N i -C r-^F e -N i ^O-g^^, W-^Mo^ 

(oMmj^.^mf)^hmfSL^fhfzh(o. ^fz\t.'r^ ^:^mm 
ts:^(Dm^mmm^^i:^fz^<Dt^hmi^^f\.x\i^xi^^ 

iC, B, C. CBNCCubic Boron Nitride) ^r*fco 
50 XiiX\^\ 
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[0 0 4 5] ^^|JU5;^^5/>/j:v^i:V^5^^J^^#5yci6^c 
0. 2 5Tnmi^TX*h^^t^^^h\:i»'^L\^\ 

3ta@D0 2 0 0%'-'6 0 0%O^ISl^(^:fcSr 

or% ite$6^^5V^^^fi^g (^J;tf^ l O O Om/m i 
[0 0 4 7] *^^JcoeJ^;^&tcffiv^:57K^^^^^^t- 

-^ffjxst-^Jv^T. mm^tm^\^'^ 
[0 0 4 8] '^^(D^\^^'^nm,^\^m^^Mz.mmm 
'}?^f^\^^}^nm.^^ m=i l . ^ gij as (^^d mm(o^pf^\^^^ 

[0 0 4 9] ^btCl. ItO^PastC;^;— x>^Jbt<7);^aifK 
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U(Dmm\cm^^ti^:itiiZfj:^(DX\ ^^mm^comm 

C^q±ttiJE(i. 2 0MPa (2kg f) ---lOOMPa 

(lOkgf) CO^HrttC^^- <^;OSi[f^L<. 4 0M 
Pa (4kgf)— 60MPa ( 6 k g f ) 

[0 0 5 0] ^fc, v^^y—^^^n^^^t^mz-Wt^-^ 
y -(D^frfirg^^ffl-r S -»c7) ^ ^ n - ^ t 

•^nu^^hh^\z.^ v>i^y-^fz.\x^tm\c¥tm^ 

[00 5 1] ^yc. ^N'JXST'^iefe^ttfc. *±«'^^ 

30 ykt:±m^t'r^^mm\'t^m^m\^^<DX\ mm 
mm^i^mi-^:Lt{cx<>x^ if^mm(Dmm^m^mB 
T*#6. mnm^^±m^^(r)w^wMtLx 
x\ mm:^^hn^:^titi^±m^^^=:.^^tL^^m(D 

40 0-224481 \.fz.:)jm^m\^^^ r t t>x^ 

[0 0 5 2] i^mm\z.x.^mm-:bm't. ±j&\^fzx,b 

F ^ -B^^±mm.^^^^m\^^xmm.^fh:b^±mm 
5(? y(;\y'^—^m<omPtt\.xurM\^m\^^hf\.ho ^mm\z. 
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4. 7 7 0, 7 2 3-^mmmirSXXJ^^m^nm4, 7 9 
2, 3 6 8-§-W^St::|l^^nTV^6R-F e-B^^ 

^<0/^;6^-Ct>. ^^i^M. (Nd) , (Fe) iSj: 
(B) ^^^^tV. jE:frS«jgcON d 2 F e 

1 4 B^MP«m'&i^^-p>^<f5^i>±te 

^m:^ (^A) (UTs ^^:^i^M.m^ (^^) J 
NEOMAX;d5feSp 

[0 0 5 31 ^^mi,c^^mwr:^m^mm'r^t. *± 

m<D/h^fj:^±mm^ m^ib^o, smm 
-3. omm) ^mm&xKoiS}m&<mm'r^^ti^ti 

[0 0 5 41 (mw.mm) s^t. mm^^m\^ti::ib>h. 

Mi^mzmm-r^. ^mmmmx^t. ±m<D:^-:i'i^M,m 

[0 0 5 51 (Nd-F e - B) m^M^^i^ 

m4, 7 7 0, 7 2 3^mm^:}sxmz^mwf^m4, 

7 9 2, 3 6 8-^0J»S(Ci^^tcr?i^^;h.'CV^:5o 

[0 0 5 61 *-r. iwM^m^m'^(o^^it\ZAEm\cn 

m-t^o :L<ot%'^>mizjt^cx'i^^m^mmmtm^i. 

2 0 0° cum(rym^J:m^n^\t:^-:t^JJ>^m^m^^w^ 

7i.\t3 OmmX 5 0 mmX 5 0 mraX'h^a 

[0 0 5 71 mhf\.fcm^w<o^mn\x.%:rx\^\ m^Vf 

^*fh{cmi.xmmi<z^^i±±\fMi:^n^\ -&mtm^ 

mx^^:tiyM.^^m^^^^^'t^a h:is. mmum^^ 
mj:^(om^znox 

[0 0 5 81 *^^(cJ:-5«J»f*ft^^i;&^^ia 
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3$:#R^LJfc;d5ibgftW-rSo 

[0 0 5 9] ^mm\z^^mmmm<o^±m^ 

y-mm i o o ^7r:'rm,^mfi^mxhi>o 

[006 0] r7^iry— S^S 1 0 Ofi. 3^(D?<^>^x:i 
— 7lOa, 1 0 b*5j:TJ5l 0 c i:. — ^Oy— /UTKtf 

>^4 0 a^octu^4 0 b <t^WLr</^5o ?ftin?R^»ix^'r 

5S3 0<DTa5^-i3:^tbtL-CV^-5 7<>f ^^n — 7 1 0 a;65 
igSdn — 7T% W3 0<omm\zmfhinXh^^;A^>^u 
JO — -7 1 0 bjoJ:t/i 0 cJiiS»n— ^-cfc^o !7-r^y 

b'>'4 0 a35^(bte:^CD!;— /W/i<tfV4 0 b(c##^bn 

^:Lti,cx<>x. y><'^y-2 o^affi*tT^i^/ct;65 

io. y — /W7Kl^>'4 0 a{B!J^;:ltfUV^l7^'^y— 2 
l^-r-Sr i:;65T-#^o !7-< y — 2 0 (Djtfri^ffitl. 

2 0 0 m/m i n 1 5 0 0 m/^m i n (D^M 
-CfclP. ^^^tt^-r^iSSfi. '^J;tl^. Om/mi n 
20 ^5 m/m i n OffifflTib -So 

[O O 6 1 1 — v 1 O a , 1 0 b *5 J: t>* 1 0 c 

So !7-<-v-y-2 0(D5fetTfi:B^^«?>6:fe*!>tC, 

n — ^lOa, 1 0 b:}oJ:t;^ 1 0 c !7^ir 

y-2 O^^I^-rSfc^^CO^ (^Jx.t^l^$jS^O. 6m 

:L<DmPsm<D\i'^y^\C^^X^it>htl^o 

[0 0 6 21 /l-^Kt :/4 0 a^b^<t0^4 0 b(D5fi{#tC 
#t^t){4g^ii^-r5fc46col>^/<-i^4 2 a4o 
<}:tJ?4 2 b;65^;}^•^ttK(t^i^TV^5c y— /u:^tf>'4 
0 a:Jo.tU^4 0 b ^» ^ -<>-n — ^ 1 0 sl {Z.m^'i^X<D 

m^^^a-x, ^ti-€tt<7)mytc5o(7);tf-f Kn— ^44 

i:, locor-v^^g V-n — ^ 4 6 ^;i^^IS:^te>i^Tiot9 . 
ix^o i^-f-^y— 2 o<:o^;^i(i, (^g>JS. 

40 «BJx.(^ 2 0N'-4 ONOffiHtC^^^nSo 

[0 0 6 3] _h5zIiL;tJ:^tcLrf^Si^n/c^^«^!7- 

i!^5o*:i. ^TcomiiCi.x. y-r-^y— S^Mi 0 o{c-fe 

[0 0 6 41 m»<Or7 — ^ 5 0(i. «?IJx.f^3i/if:^V^<7) 

^^'^i^ \^xm^^x^tii^mx\ ^m^—^yi^— h 5 
2^ratc::^M.T. §^m(D]p—^yu—hs4\zm^^ti 

5o — >^U— h 5 4. y — ^ 5 0<D#:/a 
t5K^-<-:^>^u- h 5 2 t>^^^J (^la^) lc:J:or 
50 5:v^^;lI^«$i^TV^S. iK^Si'<'~^y'u~h5 2Ji. 
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!7-^ 5 oco^»f*ax;6sj^Tuyt^. V—i^:/U-h5 
4 TPJt()^^:6Sf?jh-r s * !7 ir y — 2 0 (;i ct -S^Sff 

[0 0 6 6] _h}zI!Oj: 9 t-ir>> h $tv/cil7 — 5 0 
355, 2 Omm/h r ---5 Omm/h rtOfiSHJ^ 

[0 0 6 7] nnm^i^^ e otctf^$ttTv>§?&sifR 

ei:ffi^":/:/6 2fcj:oT. la^e 3 ^^LTEEi^^ 
iai^6 3ti, TS15IEW6 4 <?r±Sl5Sai^6 

6 t{c:9'ii^$tiTV^^o T»15|fiW6 4 4oJ:t;^JiffliaW6 

/V-f^ 3 b*5j:t56 3 a;e^51S:^tbt^.TV^5o T§l5iSW6 
4fi. '^^iJgi5^gMt-^fca2!)C)«3 0Oiga5t^^itf>tb 
f^TSPy X/W6 4 a(C^S^^ttTVN-5o iSPKIf 6 6 
fi. W3 O(D^P^;0>^^*n?S^#^*&i-6fci6(DJi$i5y 
X/W66a. 6 6 b43<tTJ6 6 c ^-f>^n — ^10 

[0 0 6 8] tf 3 OtCj^, ii9l5/XyW6 6a. 6 6 b *5 
<tT^6 6 c ^T^yX/U6 4 a tt^^}^^}^^}^^^ 

fcJ:5t:i. ;^ai^^;6>1f 3 OcoPJp^^ei^^.ffittm^iR^l- 
^^^^nSo If 3 0;5i^^SStttUfci^iil^Stix «3 0coT 
*rt^:K(t^n7t(HliRffi^N-^^7 OtcJ:or[Hli|X^>'^ 7 2 

1=7 6<of^4»(cf:i, :7^>rp^$? 7 8;55^ft^tbr*3«9. m 

mm^WtnX\>^\^^ (0iJ;tf^1t^2OOO-2 2 44 8 
[0 0 6 9] ^Jfetii. m2^^m\^^J::^^b. 
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[0 0 7 0] If 3 o^l. y><-yy— 2 oojfetT;^r^<b5$ 
(D^mm32n^ >^^^^5/^« («?»jx.tfr^y/U'S) 

It 5 y ^ ir y-<7)^tf {4fi ^ ifiSE-rs <): 5 (cf^tt btiT 

v^'5o ^»ft-s:^cie)(c!7— 1^ 5 o^Ti^u. y-r-^y— 

2 0(;i^M^-^t'5i:l7^-Yy*-2 O^-ifct?^. Ill2tt5(C 

^i^T'^ufcj: «3 op^co?ft»igtc^Nija5;a>a« 

3 2{cjgjS:^^x/c::^ y 5/ brt^jlaiU3^^:a5b. 17-^5'' 5 

L. ^x*s*(z>^^ic^^-^-rSo 

[0 0 7 1 ] W3 Of±. 0iJx.J^I^3 5 L i^J y h/l^) C7) 
^S^^bT*5»9. ^^fjX^+f:i. T^/X/P6 4a;0^ 

^*^3 o L/m i n<DmAXif^mm:^m"^^^ti. ±uy 

20 X/l^eea, 6 6 b j3j:t;^6 6 c55^^*^9 0 L/m i n 

^-rsr fcyh*tt^#x.^^. m2\z.7r^\^t^iio\z. 

^\±^^^y—2 9ib^tLf:>t^(OX. J^ailS^^tL^-fr^ 

[0 0 7 2] mm(7)mtM\±^mi^^fcMM. mm 

t't^'^&(om^i^&m^m\^^x\^^^(DX\ if^mm^i^ 
mii^^titcmmmitm§;{^tt^i-^(Dx\ m3 0(D&n 

[0 0 7 3] f^ip^i^^p^y-f-vy— 2 0 (o^i9 
^^m\cmw-r^^t\c^ox. mmm^Wi^^ti^'if^ 

W3 OC7)r?lP^;6^^tt^$n^^^»?So?5fE;^^{c 

[0 0 7 4] ^/c. ±aiL/c«ibM3 2ft. ^^-yy- 

2 O{Cj;-:>r0fig^tU/c;^ y bJl^^coaSia^ft. W3 0 

50 <D«M^ LT^i^-r^tor. i^mm(Dmmst:m<^<:> 



-8- 



15 

ttlEEJi. 2 OMP a (2 k g f ) --1 0 OMP a (10 

kgf) CO®ilSF's(Cfe^r. L< . 4 OMP a 

(4kgf)-'60MPa (6kgf) (D^fflP^fCfe^ 

10 0 7 51 If 3 0(?5i^{|rj{CgaE$tV. U^^y 

— 2 o<D^rfi±m^^m't^—M(o?^^i^xD^^ i o b 

tL^O^>< Vcr — ^ 1 0 b:foJ:t5l 0 c iZLl^M^^^H^ 
"r5r^lcJ;oT. p«-f — ^ 1 0 b*3<tt;Jl 0 cCO 
^ffi^c^^t^t^Tv^5. !7^-^y— 2 o^^F^-rsfca^) 

mM^^^nm-r^tth^^. r7>f-^y-2o*fc»i^ 

tx.fc «9 . l7-<i'y— 2 O;0s^;i.e3^H:rc»9-r'5<?5^ 

10 0 7 6] 7K^3£^^>^i-^^^ai?S(-?li'^^n5®JE 

[0 0 7 7] 5iit^bSi^^^ LTfi. Thu-f yy- 

5o fliJW®&(Oj^^^;iS8-'2 20t(0;5Sjj^LV\ 

/v;e7y^h^gM^^ urf^. =i-yu®^, 12-y 

5r.^;5i>T'#. ;^/uy ^ K(7)a. a> v>;?7/W/}<yg?i: 

;«7y" hr/u=3— /u-^ LxJi. y /u;^7y' h^x^j? y — yw, y 
/V';?;y'hy'ci^<y— /K y /w;*:^ h-r yy^ y — /wSrffi 

[0 0 7 81 7K^^j*5J't-r'5?^?aJf«tc^;j!jp$tLS#® 
^ttSiJ^LT(i. r=^:^:^^t\.x. mmfk^^^'r:7 




2003-80449 



75 

y :^^v^^f^uv^yfigMBg^;=^7'/u^cD;Ky 7j-:^rv^^ 
^u>'S. y/utr^v^ySgflS»^:^7^/u^(D#^ffiT/u 

:*/uyy ^/'coj P-0 4 9 7N {^:^h 

[0 0 7 91 ''^^y^'r^ y^^^^f^m^mmt 
LTfi. ^y^^-fe-f^-r y ^ • y y v-a y^J^-f i/v- 

irT--< y y • ^-^/i^v^a >^-<y':*3J:aiv':/ir7">< yi5^ 
y y ^:y/u^$^^>^$r^v>s;i<t;is-e^, -?:o/jr:d*r*^. 
^y^^^^^y^ ' y y — yy^y^;ds$j^L< . :Pr 

2(? 0) iyiy^^ ti 9 9 5 4 (:;«7^ hn— /uttffl!) 

tf-Sr <t}a5r-#So V^-rt^t. 7Ktc2Sft%~l OfiS: 

[0 0 8 01 ^/c. m±^M^^^^^^:itx\ ^± 

8-1 1 ^-rSr^^JSSf^LV^ a-ihi6?PJ^ LTCi. W 

h y ^<5^/— /wr ^ >-^(DT^ mm^t 

[0 0 8 1 1 ^tc. $¥^^mm'^Mt LTf^. 0iJx.J^-< 

[0 0 8 2] ^fzmmMt LTfi. v-y r^ — z/^-^/w^;? 
i«&*n5(j^€riSi6. r7^'^y— 2 or*(7)faS±#^|» 

#\ '7^^y-2o<Di^<Dmm±^^mnmmm:^ 

[0 0 8 3] igi3^#B^L/^;^s^. -^nrnwrnxBrn^^ 
m\i^ht\.^':^^^y—2 0(omm.^m^-t^o -^^^^ m 
«-c«. ^^'^y-'2 0(o-'^mMX7f^\^tL^^mfi^h 

[0 0 8 4] !7-r-Vy— 2 0 i: LTJi. (t'T/ 
2 2(Z)^j^®tcy^ir^^- K{S3Kt2 4^«Jfliji2 6 

y-/^^»flifi. fryi» 2 2(7)iJi'j^®-^(;)S 

50 m^mm<. '^ti±j&\^t:,}^nm\z,mr^mfi^ (s 



-9- 



(10) 



17 



2003-80449 



18 



[0 0 8 5] »ai^^y^iry-2 0O:R«c«?fJ^ LTIt. 
2 0 0%'-'6 0 O%<D|5SP^tC$?^^C7);$S0^ LV\ ^ W 

mm2 2'^>^:^/—/i'm^m2 6(Dmm^h^m 

555^2 2r«1tc^iS?^.^±#$(7)^r«1 ( ^^^yy'yi^^y hj 

[0 0 8 61 rr-r% mf±mmmti.xm\:.:^i--<>'m 



[0 0 8 7] ^BflCfiHll (C^Lfc»7^-^y— ^gl 0 

O^m^^ti. y— 2 0 i: LTf^. a^lSO/im 

)^^4 0 /zm'-e 0 jumOXUffl^-r-^^^^ 

h*mML:d>m^ 1 5 //m'-4 0 Mm<o:7aiy — /t-^SfllS-c 

@^$nysl!7^i'y-^ffiv^yho w^m(D^^mmmnm 

1 0 0 u m-efco/cio 
[0 0 8 8] t LTfis 

<7)NEOMAX-4 e^^fflV^, ^giJ3f(0:S$f^ 2 0 Om 
m^L. y — i5'(7)^T31S^4 Ommyh-e— ^ic{^o 

fct^tffir% r7^-vy-2 0(c;6^;j)^6?i;^jF X (y-r-vy 

-2 0O^tf*(^) ^I^T*t^(c5tti-^R;^ (Fz) <^ 

[0 0 8 9] ?^ai7K^bT. *-r. tK (TkilTK) {C^v- 
n ^b^^XllttSiO V- >-ir X ^ :y ^ ^ ^ y'^^mmM # 8 
3 0^1 0(*:S%^gi'&uy5:^co^ffl7tLfCo rtb{;i«^b 

[0 0 9 0] 
[«1] 





0 


500 


1000 


2000 


mmmm. Cmm/H) 


24.6 


29.3 


35.7 


33.1 


Fx§i:t) (N) 
Fz ttPS (N mxIO"') 


0.95 
319.8 


1.13 
351.5 


0.97 
353.0 


0.84 
301.9 


Fx3fii3 (N) 

Fztt*a (N mxio-*) 


1.38 
464.1 


1.36 
428.3 


0.97 
353.0 


0.91 
325.6 



[0 0 9 11 ^icoM*;5^e»^^;5^?'cC<i:9{-. ^iiIE^:^JP 
?SSr5 0 0 p pmJeJL±^^-rsr ^(Cj:oTF x*5J:t)^ 

Fx ^4>^c^£TLrv^^. :L(om^mK<D^T{^m't2 

O 0 O 0 p pm^S^T'^^s^nfc;^^ 2 0 0 0 0 p p 
^ffiSttOiSTfi. 1 0 0 0 p p mf)^h 5 0 0 0 p p m<0 

n^&yi^{cM't^mi^mmM(7)mi)umi^. 2 0 0 0 0 

p pmJeJLTT*fc6:i^355^if^L<. 1 0 0 0 p pmi!^A± 
5 0 0 0 p pmJI^JlT-CfeS w^>6S^^{c:if^UV>^Wx. 

[0 0 9 2] 

[0 0 9 3] :^^m(owwT^W:^m\^^^t. m\^^mi:m 



^^(DMi::=^:^ h-^>i&m^ti. ^m^a. m^\^. mn.^ 

40 0^^-r^^lllT*^-5o 

[11121 mi{:i^\^t:.v^^y-mmioo(Dmm75: 
m<Dmf^^^'rm^mxh^o 

^ ^tri" 5 fc 46 iS tcffl V ^ lb tt 5 y y - 2 0 o»f 

lOa, 10b. 10c ^^l^a--^ 

20 r7-r^y— 
3 0 If 

50 4 0 a. 40b y — ^WtJ? t':/ 



-10- 




22 



¥^—M.mn) 3C058 AA05 AC04 CA04 CBIO DA12 



-11- 

BEST AYAIUSLE COPY 



THiS PAGE BLANK (usptio) 



Page 1 of 3 



* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] Cutting process of a rare earth alloy with which it is the cutting process of the 
rare earth alloy using the wire saw which made the core wire fix an abrasive grain, the 
process which cuts said rare earth alloy by making it run said wire saw where said rare 
earth alloy is immersed [ water ] in the coolant used as a principal component in the part 
cut by said wire saw is included, and said coolant contains 500 ppm or more an extreme 
pressure additive 20000 ppm or less on volume criteria. 

[Claim 2] Said extreme pressure additive is a cutting process of a rare earth alloy 
according to claim 1 which is a sulfur content compound. 

[Claim 3] The surface tension in 25-degreeC of said coolant is a cutting process of a rare 
earth alloy according to claim 1 or 2 which is within the limits of 25 mN/m - 60 mN/m. 
[Claim 4] Said coolant is the cutting process of a rare earth alloy given in either 
containing the water of the weight within the limits of 10 times to 50 times of the weight 
of water-soluble synthetic lubricant and said synthetic lubricant of claims 1-3. 
[Claim 5] Said coolant is the cutting process of a rare earth alloy given in either 
containing the water of the weight within the limits of 10 times to 50 times of the weight 
of a surfactant and a surfactant of claims 1-3. 

[Claim 6] Said coolant is the cutting process of a rare earth alloy given in either of claims 
1-5 containing a defoaming agent. 

[Claim 7] Said coolant is the cutting process of a rare earth alloy given in either of claims 
1-6 whose PHs are 8-11. 

[Claim 8] Said coolant is the cutting process of a rare earth alloy given in either of claims 
1-7 containing a rusr-proofer. 

[Claim 9] Said abrasive grain is the cutting process of a rare earth alloy given in either of 
claims 1-8 which has fixed by the phenol resin layer formed in the peripheral face of said 
core wire. 
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[Claim 10] The average he^p of the part which the mean cHlnce between said abrasive 
grains which adjoin mutually has within the limits of 200% - 600% of the mean particle 
diameter of said abrasive grain, and said abrasive grain has projected from the front face 
of said phenol resin layer in the transit direction of said wire saw is the cutting process of 
a rare earth alloy given in either of claims 1-9 which is within the limits of 10 
micrometers - 40 micrometers. 

[Claim 11] The mean particle diameter D of said abrasive grain is the cutting process of a 
rare earth alloy given in either of claims 1-10 which satisfies 20 micrometer<=D 
<=60micrometer relation. 

[Claim 12] It is the cutting process of a rare earth alloy given in either of claims 1-11 
which is maintained by the condition of overflowing from said opening by being supplied 
from opening of said tub, by being immersed in said coolant by which the part in which 
said rare earth alloy is cut by said wire saw was held in the tub in said cutting process 
while said coolant is supplied in said tub from the pars basilaris ossis occipitalis of said 
tub. 

[Claim 13] The amount in which said coolant overflows in 1 minute in said cutting 
process is a cutting process of a rare earth alloy according to claim 12 which is 50% or 
more of the volume of said tub. 

[Claim 14] The amount of said coolant supplied from said opening in said cutting process 

is more cutting process of a rare earth alloy according to claim 10 or 13 than the amount 

of said coolant supplied from said pars basilaris ossis occipitalis. 

[Claim 15] Cutting process of a rare earth alloy given in either of claims 12-14 which 

controls that said coolant overflows from said opening of said tub in said cutting process 

by forming curtain-like an air current or a cooling liquid flow in said opening of said tub. 

[Claim 16] Said rare earth alloy is the cutting process of a rare earth alloy given in either 

of claims 1-15 which are R-Fe-B system rare earth sintered alloys. 

[Claim 17] Said rare earth alloy is the cutting process of the rare earth alloy according to 

claim 16 which is a Nd-Fe-B system rare earth sintered alloy. 

[Claim 18] The manufacture approach of the rare earth magnet which includes the 

process which produces the sintered compact of a rare earth magnet from rare earth alloy 

powder, and the process which separates two or more rare earth magnets into either of 

claims 1-17 from said sintered compact using the cutting process of the rare earth alloy of 

a publication. 

[Claim 19] A voice coil motor equipped with the rare earth magnet produced by the 
manufacture approach of a rare earth magnet according to claim 18. 
[Claim 20] The voice coil motor according to claim 19 in the range whose thickness of 
said rare earth magnet is 0.5mm - 3.0mm. 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the method of cutting a rare 
earth alloy using the wire saw which made the core wire fix an abrasive grain, and the 
manufacture approach of the rare earth magnet using it about the cutting process of a rare 
earth alloy, and the manufacture approach of a rare earth magnet. 
[0002] 

[Description of the Prior Art] The rare earth alloy is used as an ingredient of a powerful 
magnet, for example. The rare earth magnet obtained by magnetizing a rare earth alloy is 
suitably used as a magnet for voice coil motors used for positioning of the magnetic head 
of a magnetic recording medium. 

[0003] The technique which slices an ingot from the former as an approach of cutting the 
ingot (a sintered compact being included) of a rare earth alloy, using the slicing blade 
rotated, for example is adopted. However, according to the approach of cutting with a 
slicing blade, since the thickness of a cutting cutting edge is comparatively large, a 
chipping allowance increases, and the yield of a rare earth alloy ingredient is low, and has 
become the factor which raises the cost of a rare earth alloy product (for example, rare 
earth magnet). 

[0004] There is an approach using the wire saw as a cutting process with few finishing 
allowances than a slicing blade. For example, JP,11-198020,A is indicating that hard and 
brittle materials, such as silicon, glass, neodymium, and a ferrite, can be cut using the 
wire saw (it is called a "bonded abrasive wire".) which fixed superabrasive by the bond 
layer on the peripheral surface of the core wire of high intensity. 
[0005] 

[Problem (s) to be Solved by the Invention] If the plate of predetermined thickness is 
producible from the ingot of a rare earth alloy to several multi-sheet coincidence by few 
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chipping allowances using^R above bonded abrasive wire Wms, the manufacturing cost 
of a rare earth magnet will be reduced sharply. However, there is still no report that the 
rare earth alloy was cut on mass-production level using the bonded abrasive wire saw. 
[0006] It is mentioned that the mechanical property of a rare earth alloy and the rare earth 
alloy (a "rare earth sintered alloy" is called hereafter.) especially manufactured by the 
sintering process differs from silicon etc. greatly as this main cause from the result which 
the artificer examined variously. Since it has the hard main phase (R2Fel4 B phase) 
which causes brittleness— mainly destruction, and the grain boundary phase (R rich phase) 
which causes ductility-destruction, specifically, unlike the hard and brittle material 
represented by silicon, a rare earth sintered alloy is hard to be cut. That is, compared with 
the case where hard and brittle materials, such as silicon, are cut, cutting force is high, 
consequently calorific value also has it. [ much ] Moreover, the specific gravity of a rare 
earth alloy is large compared with ingredients, such as about 7.5 and silicon, and the 
cutting waste (sludge) generated by cutting is hard to be discharged from the cutting 
section. 

[0007] Therefore, in order to cut a rare earth alloy efficiently with high process tolerance, 
while fully reducing cutting force, heat is efficiently radiated in the heat generated at the 
time of cutting, namely, it is necessary to cool the cutting section efficiently. Moreover, it 
is necessary to discharge efficiently the cutting waste generated by cutting. 
[0008] While falling cutting force by fully supplying the coolant (it also being called 
"cutting fluid".) excellent in lubricity to the cutting section of a rare earth alloy, the heat 
generated at the time of cutting can be radiated efficiently. If the wire saw is soaked in 
sufficient quantity of the coolant using the oily coolant as a result of the experiment by 
the artificer, the coolant can fully be supplied to the narrow cutting section by the wire 
saw it runs. 

[0009] However, in order to process waste fluid so that environmental destruction may 
not be caused, it is difficult for the oily coolant that cost starts and to classify the cutting 
waste in waste fluid, and there is a problem that reuse of waste fluid or cutting waste is 
difficult. Moreover, in case cutting waste is reused, the carbon content in a raw material 
increases, and in order to reduce magnetic properties, there is also a problem of not being 
desirable. If these things are taken into consideration, as coolant, water (or water-soluble 
coolant) is desirable, but if water is used as coolant, since amount sufficient since 
viscosity (1.0mm2/s) is low for the wire saw it runs cannot be made to adhere, even if 
water wets a wire saw with water, it cannot supply the water of sufficient amount for the 
cutting section. 

[0010] By making it run a wire saw in the coolant overflowed from the tub of the coolant, 
JP,11-198020,A is indicating that the coolant can be made to adhere to a wire saw 
certainly, when making it run a bonded abrasive wire saw at high speed (for example, 
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2000 m/min). However, ac^rding to the experiment of thisil^ention person, even if it 
cuts a rare earth alloy, making it run a wire saw (for example, indicated by JP,11- 
198020,A) in the water currently overflowed, omission of an abrasive grain, and in being 
severe, an open circuit of a wire saw occurs. The travel speed of a wire saw generated 
this fault also for example, in 800 m/min extent. Even if it adopts the above-mentioned 
approach, this has high cutting force and is considered because water is not fully supplied 
to the cutting section. 

[001 1] This invention is made in view of these many points, and the main purpose is in 
offering the cutting process of the rare earth alloy by the bonded abrasive wire saw which 
can be performed using the coolant which uses water as a principal component. 
Moreover, other purposes of this invention are to offer the voice coil motor equipped 
with the manufacture approach of a rare earth magnet of having used the cutting process 
of the above-mentioned rare earth alloy, and the rare earth magnet concerned. [0012] 
[Means for Solving the Problem] It is in the condition to which the cutting process of the 
rare earth alloy by this invention is the cutting process of the rare earth alloy using the 
wire saw which made the core wire fix an abrasive grain, and said rare earth alloy was 
immersed [ water ] in the coolant used as a principal component in the part cut by said 
wire saw. By making it run said wire saw, the process which cuts said rare earth alloy is 
included, it is characterized by said coolant containing 500 ppm or more an extreme 
pressure additive 20000 ppm or less on volume criteria, and the above-mentioned 
purpose is attained by that. 

[0013] As for said extreme pressure additive, it is desirable that it is a sulfur content 
compound. 

[0014] As for the surface tension in 25-degreeC of said coolant, it is desirable that it is 
within the limits of 25 mN/m - 60 mN/m. 

[0015] As for said coolant, it is desirable that the water of the weight within the limits of 
10 times to 50 times of the weight of water-soluble synthetic lubricant and said synthetic 
lubricant is included. 

[0016] Or said coolant may also contain the water of the weight within the limits of 10 
times to 50 times of the weight of a surfactant and a surfactant. 
[0017] Said coolant may also contain a defoaming agent. As for said coolant, it is 
desirable that PHs are 8-11. Moreover, said coolant may also contain a rusr-proofer. 
[0018] As for said abrasive grain, it is desirable to have fixed by the phenol resin layer 
formed in the peripheral face of said core wire. 

[0019] As for the average height of the part which the mean distance between said 
abrasive grains which adjoin mutually has within the limits of 200% - 600% of the mean 
particle diameter of said abrasive grain, and said abrasive grain has projected from the 
front face of said phenol resin layer in the transit direction of said wire saw, it is desirable 
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that it is within the limits cift micrometers - 40 micromete^^ 

[0020] As for the mean particle diameter D of said abrasive grain, it is desirable to satisfy 
20 micrometer<=D <=60micrometer relation. 

[0021] In said cutting process, it is immersed in said coolant by which the part in which 
said rare earth alloy is cut by said wire saw was held in the tub, and being maintained by 
the condition of overflowing from said opening is desirable [ the coolant ] by being 
supplied from opening of said tub while said coolant is supplied in said tub from the pars 
basilaris ossis occipitalis of said tub. 

[0022] As for the amount in which said coolant overflows in 1 minute, in said cutting 
process, it is desirable that it is 50% or more of the volume of said tub. 
[0023] In said cutting process, many things of the amount of said coolant supplied from 
said opening are more desirable than the amount of said coolant supplied from said pars 
basilaris ossis occipitalis. 

[0024] In said cutting process, it is desirable by forming curtain-like an air current or a 
cooling liquid flow in said opening of said tub to control that said coolant overflows from 
said opening of said tub. 

[0025] Said rare earth alloy may be a R-Fe-B system rare earth sintered alloy, and may be 
a Nd-Fe-B system rare earth sintered alloy. In addition, R is the rare earth elements 
containing Y. 

[0026] The manufacture approach of the rare earth magnet of this invention includes the 
process which produces the sintered compact of a rare earth magnet from rare earth alloy 
powder, and the process which separates two or more rare earth magnets from said 
sintered compact using the cutting process of one of the above-mentioned rare earth 
alloys, and the above-mentioned purpose is attained by that. 
[0027] The voice coil motor by this invention is equipped with the rare earth magnet 
produced by the manufacture approach of the above-mentioned rare earth magnet. The 
thickness of said rare earth magnet may be in the range which is 0.5mm - 3.0mm. 
[0028] 

[Embodiment of the Invention] Below, the cutting process of the rare earth alloy of the 
operation gestalt by this invention and the manufacture approach of a rare earth magnet 
are explained. 

[0029] The cutting process of the rare earth alloy by this invention is the cutting process 
of the rare earth alloy using the wire saw which made the core wire (typically piano wire) 
fix an abrasive grain (typically diamond abrasive grain), while a rare earth alloy supplies 
the coolant which uses water as a principal component to the part cut by the wire saw, by 
making it run a wire saw, the process which cuts a rare earth alloy is included and the 
coolant contains 500 ppm or more an extreme pressure additive 20000 ppm or less on 
volume criteria. As for an extreme pressure additive, it is desirable that it is a sulfur 
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content compound. In addflfci, in this specification, "the cc^fent which uses water as a 
principal component" means the coolant whose 70% of the weight or more of the whole 
is water. 

[0030] With the frictional heat generated at the time of cutting, an extreme pressure 
additive reacts chemically with the metallic element (mainly iron) which constitutes a 
rare earth alloy, and forms metallic compounds. Therefore, although it is hard to cut a 
rare earth alloy, the ductility is reduced by the extreme pressure additive, and cutting 
force becomes low. Therefore, even if it uses the coolant of a drainage system with low 
lubricity compared with the oily coolant, it becomes possible to cut a rare earth alloy 
efficiently. 

[0031] It is desirable to use the compound (called a sulfur system extrerne pressure 
additive) containing sulfur (S) as an extreme pressure additive. A sulfur system extreme 
pressure additive reacts with the iron contained in a rare earth alloy, forms an iron 
sulfide, and is excellent in the effectiveness of embrittling the contact surface. In 
addition, for example, the phosphorus system extreme pressure additive and phosphorus- 
sulfur system extreme pressure additive other than a sulfur system extreme pressure 
additive can also be used. 

[0032] Although especially the sulfur content compound suitably used as an extreme 
pressure additive added by the coolant of this invention is not limited, what has the high 
compatibility (solubility or homogeneity dispersibility) over water is desirable, and it is 
desirable that they are an acid, a salt, or lower alcohol. For example, organic acids and 
these salts, such as alpha of a sulfuration fatty acid, a mercapto fatty acid, a 
thiocarboxylic acid, and a polysulfide and omega dicarboxylic acid, mercapto alcohol, 
etc. can be mentioned. Especially, alpha of a sulfuration fatty acid and a polysulfide, 
omega dicarboxylic acid, and these salts are desirable. A sulfur content compound may 
use one sort independently, and may use it combining two or more sorts. 
[0033] As for the addition to the whole coolant of an extreme pressure additive, it is 
desirable that it is 500 ppm or more 20000 ppm or less on volume criteria, and it is still 
more desirable that it is [ 1000 ppm or more ] 5000 ppm or less. When the effectiveness 
of an extreme pressure additive may not fully be demonstrated if it is less than 500 ppm, 
and it exceeds 20000 ppm, it may react beyond a rare earth alloy and the need, and 
dependability (corrosion resistance) may be spoiled. 

[0034] Furthermore, as for the surface tension in 25-degreeC of the coolant, it is desirable 
that it is within the limits of 25 mN/m - 60 mN/m. As coolant, the dynamic friction 
coefficient in 25-degreeC to a rare earth alloy may use the thing of 0.1-0.3. 
[0035] A wire saw can be efficiently cooled by performing the process which cuts a rare 
earth alloy using a bonded abrasive wire saw in the condition of having been immersed in 
the coolant which has the surface tension in 25-degreeC within the limits of about 25 
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mN/m - about 60 mN/m (alRt 25 dyn/cm - about 60 dyn/ci^in the cutting section. 
Since the wettability (or concordance) to a rare earth alloy and/or a wire saw is excellent 
compared with water, the coolant which has the above-mentioned surface tension within 
the limits is the cutting section (part by which a rare earth alloy and a wire saw contact 
mutually, and a rare earth alloy is cut.). It is also called a cutting slot. It thinks for the 
coolant to permeate efficiently. Of course, since the specific heat is large compared with 
the oily coolant (for example, mineral oil), the coolant which uses water as a principal 
component has high cooling effectiveness. 

[0036] The coolant suitably used in the cutting process of the rare earth alloy of this 
invention can also be sorted out with the dynamic friction coefficient to the above- 
mentioned rare earth alloy, and the coolant which has the above-mentioned dynamic 
friction coefficient in 25-degreeC in about 0.1 - about 0.3 within the limits can 
demonstrate an operation and effectiveness equivalent to the coolant which has the 
above-mentioned surface tension within the limits. A dynamic friction coefficient is 
considered to be the lubricative index which the coolant gives to the cutting section to 
surface tension being considered to be the index which shows the permeability of the 
coolant to the cutting section. In addition, it is known that a qualitative correlation is 
between surface tension and a dynamic friction coefficient. 

[0037] The surface tension of the coolant is measured using the DEYUNUI surface 
tension balance known well. Moreover, dynamic coefficient of friction of the coolant to a 
rare earth alloy is measured in Japan using a Masuda style "a walk type friction tester" 
currently used abundantly as a fundamental testing machine. In this specification, each 
adopts the value in 25-degreeC as a value by which the coolant is characterized. 
[0038] In addition, the dynamic friction coefficient shown in the following examples is 
the value calculated with the walk type friction tester using the iron ball. Since there are 
most iron contents in a component element, the R-Fe-B system rare earth alloy (for 
example, alloy which makes a Nd2Fel4B intermetallic compound the main phase) 
illustrated in the example is good approximation, and the dynamic friction coefficient of 
the coolant for which it asked using the iron ball can be used for it as a dynamic friction 
coefficient to a rare earth alloy. The presentation and the manufacture approach of a rare 
earth alloy which are suitably used as a rare earth magnet are indicated by U.S. Pat. No. 
4,770,723 and U.S. Pat. No. 4,792,368. 

[0039] In addition, although the coolant suitably used with the cutting process of this 
invention was specified using the surface tension or the dynamic friction coefficient of 
25-degreeC, the temperature of the coolant at the time of actually using it is not restricted 
to 25-degreeC. However, in order to acquire the effectiveness of this invention, it is 
desirable to use the coolant by which temperature control was carried out within the 
limits of 15-degreeC-35-degreeC, it is still more desirable that it is within the limits of 
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20-clegreeC-30-clegreeC, Sirit is still more desirable that ifWwithin the limits of 20- 
degreeC-25-degreeC. Since it depends for the surface tension and the dynamic friction 
coefficient of the coolant on temperature as known well, if it separates not much from the 
temperature requirement of the above [ the temperature of the actually used coolant ] , the 
surface tension and the dynamic friction coefficient of the coolant will be in the condition 
of having resembled well the condition of having separated from the above-mentioned 
numerical range, respectively, and cooling effectiveness will fall. 
[0040] Since the abnormality rise of the temperature of a wire saw can be controlled by 
using the coolant which has the surface tension (or dynamic friction coefficient) of the 
above-mentioned range, abnormality degraining of an abrasive grain and an open circuit 
of a wire saw can be controlled and prevented still more efficiently. Consequently, while 
the fall of process tolerance is prevented, since it becomes possible to use a wire saw for 
a period longer than before, a manufacturing cost can be reduced. 
[0041] The coolant which has the surface tension (or dynamic friction coefficient) of the 
above-mentioned range is prepared by adding in water a surface active agent and the so- 
called synthetic lubricant called "synthetic [ synthetic (Synthetic) ]." By adjusting a class 
and an addition, predetermined surface tension and a predetermined dynamic friction 
coefficient can be obtained. Moreover, since viscosity is comparatively low when the 
coolant which uses water as a principal component is used, it is possible to classify the 
cutting waste of a rare earth alloy from the sludge generated by cutting easily using a 
magnet, and the coolant can be reused. Moreover, it can prevent having a bad influence 
on natural environment by abandonment processing of the coolant. Moreover, the amount 
of the carbon contained in a sludge can be reduced and the magnetic properties of the 
magnet which uses as a raw material the cutting waste collected from the sludge can be 
improved. 

[0042] When it cuts making it run a wire saw at high speed, the coolant may foam and 
cooling effectiveness may fall. By using the coolant containing a defoaming agent, 
decline in the cooling effectiveness by foaming of the coolant can be controlled. 
Furthermore, the corrosion of a rare earth alloy can be controlled by using the coolant 
which has PH within the limits of 8-11. Moreover, oxidation of a rare earth alloy can be 
controlled by using the coolant containing a rusr-proofer. What is necessary is just to 
adjust these suitably in consideration of a class, cutting conditions, etc. of a rare earth 
alloy. 

[0043] As a wire saw, what fixed the diamond system abrasive grain by resin is used 
suitably. That is, the wire saw which used resin and fixed the diamond system abrasive 
grain to the peripheral face of a core wire (typically piano wire) can be used suitably. 
Also in it, it is desirable to use phenol resin as resin. The bond strength of phenol resin to 
the peripheral face of piano wire (hard drawn steel wire) is high, and it excels also in the 
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wettability (permeability) Wmie coolant mentioned later. M^bver, it is cheaper than the 
wire saw manufactured using an electrodeposition process, and the cost concerning 
cutting of a rare earth alloy can be reduced. Although the fixing force of an abrasive grain 
is weak compared with the wire saw produced by the electrodeposition process (an 
abrasive grain is fixed for example, with nickel plating etc.), since peeling of an abrasive 
grain etc. can be lessened by using the coolant adjusted to the range which mentioned the 
dynamic friction coefficient above, it becomes possible to cut the rare earth alloy which 
is hard to cut. 

[0044] In addition, the core wire of a wire saw may not be restricted to piano wire, but 
may be formed from what bundled high intensity fiber, such as a thing formed from 
refractory metals, such as alloys, such as nickel-Cr and Fe-nickel, W, and Mo, or nylon 
fiber. Moreover, the ingredient of an abrasive grain may not be limited to a diamond, but 
may be SiC, B, C, CBN (Cubic Boron Nitride), etc. 

[0045] In order to acquire the advantage that it cuts and there is little **, the outer 
diameter of a wire saw has 0.3 desirablemm or less, and it is still more desirable that it is 
0.25mm or less. In order that it may be set up and the lower limit of the outer diameter of 
a wire saw may fix the abrasive grain of predetermined magnitude by sufficient 
reinforcement so that sufficient reinforcement may be obtained, a core wire with a 
diameter of about 0.12-0.20mm is used. As for the mean particle diameter D of an 
abrasive grain, it is desirable to satisfy 20 micrometer<=D <=60micrometer relation from 
a viewpoint of a cutting efficiency, and it is desirable to satisfy especially the relation 
which is 40 micrometer<=D <=60micrometer. Moreover, as for the mean distance 
between the abrasive grains which adjoin mutually in the transit direction of the 
viewpoint of a cutting efficiency and the discharge effectiveness of cutting waste (sludge) 
to a wire saw, it is desirable that it is within the limits of 200% - 600% of the mean 
particle diameter D of an abrasive grain, and, as for the average height of the part which 
the abrasive grain has projected from the front face of a phenol resin layer, it is desirable 
that it is within the limits of 10 micrometers - 40 micrometers, this wire saw may be 
supplied by the manufacturer (for example, incorporated company ally DOMATE ~ real) 
of a general wire saw if the above-mentioned specification is specified. 
[0046] Since a good cutting efficiency can be realized and it excels also in eccritic [ of 
cutting waste ] when such a wire saw is used, it can cut also at a comparatively high 
travel speed (for example, 1000 m/min). Moreover, since it is efficiently cooled by the 
above-mentioned coolant, with good process tolerance, it can continue at a long period of 
time, and a rare earth alloy can be cut to stability. 

[0047] The coolant which uses as a principal component the water used for the cutting 
process of this invention is one with low (kinematic viscosity is about lmm2/s) viscosity, 
and eccritic [ of cutting waste ] is lower than the oily coolant (kinematic viscosity is 
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generally more than SmmMf. Then, it is maintained by the^hdition of having been 
immersed in the coolant by which the cutting section was held in the tub in the cutting 
process in order to raise eccritic [ of cutting waste ], and being maintained by the 
condition of overflowing from opening of a tub is desirable [ the coolant ] by being 
supplied from opening of a tub while the coolant is supplied in a tub from the pars 
basilaris ossis occipitalis of a tub. 

[0048] The cutting waste which the cutting waste discharged in the coolant with low 
viscosity sediments easily, and floats near opening of a tub is slight. Since a wire saw is 
arranged so that it may run the inside of the coolant near opening of a tub in order to cut 
the cutting section in the condition of having been immersed into the coolant, a wire saw 
runs the inside of the coolant with little cutting waste, and the coolant with little cutting 
waste is supplied to the cutting section. The amount of the cutting waste in the coolant 
supplied to the cutting section can be reduced by supplying the coolant also from opening 
of a tub and maintaining in the condition of overflowing from opening, especially. 
Furthermore, the effectiveness which flushes the cutting waste adhering to a wire saw 
mechanically by the flow of the coolant supplied from opening of a tub is also acquired. 
As for the amount in which the coolant overflows in 1 minute, it is desirable that it is 
50% or more of the volume of a tub. Moreover, many things of the amount of the coolant 
supplied from opening are more desirable than the amount of the coolant supplied from 
the pars basilaris ossis occipitalis of a tub. 

[0049] Furthermore, since more coolant will be supplied to the perimeter of the cutting 
section when the corkscrew twist of a tub also makes high the oil level of the coolant 
which overflows by forming a curtain-like cooling liquid flow (or air current) in opening 
of a tub, and controlling that the coolant overflows from opening of a tub, the amount of 
the cutting waste in the coolant can be reduced further. Here, the cooling liquid flow was 
formed in the shape of a curtain on the side of opening of the tub which intersects the 
transit direction of a wire saw. As for the discharge pressure for forming a cooling liquid 
flow, it is desirable that it is within the limits of 20MPa(2kgf) -lOOMPa (lOkgf), and it is 
still more desirable that it is within the limits of 40MPa(4kgf) -60MPa (6kgf). If a 
discharge pressure is lower than this range, sufficient effectiveness may not be acquired, 
when higher than this range, a wire saw may bend, and process tolerance may fall. 
[0050] Moreover, it is desirable to carry out the regurgitation of the coolant also to the 
Maine roller of the pair which is arranged at the both sides of a tub among the Maine 
rollers formed in order' to make it run a wire saw, and regulates the transit location of a 
wire saw. While controlling the temperature rise of the organic macromolecule layer (for 
example, polyurethane rubber layer) which has the slot for guiding a wire saw established 
in the front face of the Maine roller by carrying out the regurgitation of the coolant to 
these Maine rollers, it can prevent the transit location of a wire saw shifting or separating 
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from a wire saw fang furr(^fc)y flushing the cutting waste (^fcludge) which adhered or 
piled up in the wire saw or the guide rail. 

[0051] Moreover, the coolant is reusable by collecting the dirty liquid which consists of a 
sludge containing the cutting waste of a rare earth alloy generated at the cutting process, 
and coolant, and classifying the cutting waste of a rare earth alloy using a magnet out of a 
sludge (for example, cyclically use). As mentioned above, since viscosity is low, the 
coolant which uses water as a principal component can classify cutting waste easily. 
Moreover, by classifying the cutting waste of a rare earth alloy, it can carry out so that a 
damage may not be given to an environment easily [ processing / of the coolant / waste 
fluid ]. Furthermore, cutting waste can also be used as a playback raw material of a rare 
earth alloy. Since it is easy to make low the amount of the carbon contained in the rare 
earth alloy reproduced from cutting waste since the coolant uses water as a principal 
component, the raw material used as an ingredient of a rare earth magnet can be obtained. 
The judgment approach of the cutting waste from a sludge can use the approach which 
the applicant for this patent indicated to the application for patent No. 224481 [ 2000 to ]. 

[0052] The cutting process by this invention is applied suitable for cutting of a rare earth 
sintered alloy with difficult cutting, especially a R-Fe-B system rare earth sintered alloy, 
as mentioned above. A rare earth magnet is obtained by magnetizing the rare earth alloy 
cut by the cutting process by this invention. A magnetization process may be performed 
before a cutting process and may be performed behind. The rare earth sintered magnet 
manufactured using a R-Fe-B system rare earth sintered alloy is suitably used as an 
ingredient for voice coil motors used for positioning of the magnetic head. Especially the 
cutting process by this invention is used suitable for cutting of the R-Fe-B system rare 
earth sintered magnet (alloy) currently indicated by the U.S. Pat. No. 4,770,723 
specification and U.S. Pat. No. 4,792,368 specification by applicants for this patent, 
furthermore, the hard main phase (iron rich phase) which uses neodymium (Nd), iron 
(Fe), and boron (B) as a principal component, and consists of a Nd2Fel4B intermetallic 
compound of tetragonal structure also in it and Nd -- it is applied suitable for cutting and 
manufacture of a rafe earth sintered magnet (alloy) ("a neodymium magnet (alloy)" is 
called hereafter.) which have a grain boundary phase with rich stickiness. As a typical 
example of a neodymium magnet, there are the Sumitomo Special Metals Co., Ltd. make 
and a trade name NEOMAX. 

[0053] if the cutting process by this invention is adopted — a rare earth alloy ~ high 
degree of accuracy ~ and a rare earth magnet (thickness is 0.5mm - 3.0mm) small [ for 
the voice coil motors used for positioning of the magnetic head ], for example since it can 
cut efficiently ~ high degree of accuracy ~ and it can manufacture efficiently. 
[0054] (Operation gestalt) The operation gestalt of the cutting process of the rare earth 
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alloy by this invention is eipPained still more concretely heiWFter, referring to a drawing. 
This operation gestalt explains the cutting process of the neodymium magnet sintered 
compact used for manufacture of an above-mentioned neodymium magnet. 
[0055] How to produce a neodymium (Nd-Fe-B) sintered magnet is explained briefly, in 
addition, the approach of producing the rare earth alloy as a magnet ingredient — for 
example, an above-mentioned U.S. Pat. No. 4,770,723 specification — and it is alike and 
is indicated by the U.S. Pat. No. 4,792,368 specification at the detail. 
[0056] First, after carrying out weighing capacity of the raw material metal to a 
predetermined component ratio correctly, a raw material metal is dissolved with a RF 
fusion furnace in a vacuum or an argon gas ambient atmosphere. The dissolved raw 
material metal is cast to water-cooled mold, and the raw material alloy of a 
predetermined presentation is formed. This raw material alloy is ground and impalpable 
powder with a mean particle diameter of about 3-4 micrometers is produced. This 
impalpable powder is put into metal mold, and press forming is carried out in a field. 
Press forming is performed after mixing impalpable powder with lubricant if needed at 
this time. Next, if about 1000-degreeC - abbreviation 1200-degree about C process 
[ sintering ] is performed, a neodymium magnet sintered compact is producible. Then, in 
order to raise magnetic coercive force, aging treatment in about 600-degreeC is 
performed, and production of a rare earth magnet sintered compact is completed. The size 
of a sintered compact is 30mmx50mmx50mm. 

[0057] Cutting processing of the obtained sintered compact is performed and two or more 
sheet metal (called a substrate or a wafer) cut from the sintered compact is formed, 
surface treatment is performed in order to raise long-term dependability, after the sheet 
metal of the obtained sintered compact is alike, respectively, and receiving, performing 
finish-machining by polish and preparing a dimension and a configuration. Then, after 
performing a magnetization process, a neodymium permanent magnet is completed 
through an inspection process. In addition, a magnetization process may be performed 
before a cutting process. 

[0058] Next, the cutting process by this invention is explained, referring to drawing 3 
from drawing 1 . 

[0059] Drawing 1 is the outline block diagram showing the wire saw equipment 100 used 
suitably, in order to perform cutting process of the rare earth alloy of the operation gestalt 
by this invention. 

[0060] Wire saw equipment 100 has three Maine rollers 10a, 10b, and 10c and the reel 
bobbins 40a and 40b of a pair. The Maine rollers 10b and 10c with which Maine roller 
10a prepared in the lower part of the tub 30 which holds the coolant is a driving roller, 
and is prepared in the both sides of a tub 30 are follower rollers. A wire saw 20 is rolled 
round by reel bobbin 40b of another side from one reel bobbin 40a, for example, carrying 
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out both-way transit. The wire saw 20 can be supplied ^fcie reel bobbin 40a side, 
carrying out both-way transit of the wire saw 20 by making rolling-up time amount of 
40a of a reel bobbin longer than the rolling-up time amount of reel bobbin 40b of another 
side at this time. The travel speed of a wire saw 20 is the range of for example, 200 
m/min to 1500 m/min, and the rate which supplies a new line is the range of for example, 
0 m/min - 5 m/min. 

[0061] A wire saw 20 is stretched by for example, 150 trains among the Maine rollers 
10a, 10b, and 10c. In order to decide the transit location of a wire saw 20, the organic 
macromolecule layer (for example, polyurethane rubber layer) which has a slot (for 
example, a depth of about 0.6mm, un-illustrating) for guiding a wire saw 20 is prepared 
in the front face of the Maine rollers 10a, 10b, and 10c. Spacing between the trains of a 
wire saw 20 is decided with the pitch of this guide rail. The pitch of a guide rail is set up 
according to the thickness of the plate which should be cut down from a work piece. 
[0062] Near the reel bobbins 40a and 40b, the traversers 42a and 42b for adjusting a 
rolling-up location are formed, respectively. Into a path until it results [ from the reel 
bobbins 40a and 40b ] in Maine roller 10a, while five guide idlers 44 and one tension 
roller 46 are formed in the each side and guiding a wire saw 20, the tension is adjusted. 
Although the tension of a wire saw 20 may be suitably changed according to various 
conditions (a length of cut, cutting speed, travel speed, etc.), it is set, for example as the 
range of 20N-40N. 

[0063] As the sintered compact work piece 50 produced as mentioned above is the 
following, it is set in wire saw equipment 100. 

[0064] By the adhesives (un-illustrating) of for example, an epoxy system, two or more 
work pieces 50 fix mutually, are assembled as two or more blocks, are conditions and are 
fixed to the iron work-piece plate 54 through the carbon base plate 52 in between. Each 
block and the carbon base plate 52 of the work-piece plate 54 and a work piece 50 have 
also fixed mutually with adhesives (un-illustrating). After cutting processing of a work 
piece 50 is completed, the base plate 52 made from carbon receives cutting processing by 
the wire saw 20 until downward actuation of the work-piece plate 54 stops, and functions 
as a dummy of protecting the work-piece plate 54. 

[0065] With this operation gestalt, each block size is designed so that the size of each 
block measured along the transit direction of a wire saw 20 may be set to about 100mm. 
Therefore, the cutting die length by the wire saw 20 is about 200mm here. Although the 
work piece 50 is divided and arranged to two or more blocks as mentioned above with 
this operation gestalt, as what magnitude the size in the transit direction of a wire saw 20 
should be set changes also with the surface tension and the travel speeds of the coolant. 
Moreover, the number of work pieces 50 and arrangement which constitute one block 
also change with the magnitude of each work piece 50. What is necessary is to divide into 
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the block of the optimal siWIuitably and just to arrange a ^wk piece 50 in consideration 
of these. 

[0066] The work piece 50 set as mentioned above descends with a lifting device equipped 
with a motor 58, and cutting is pushed and carried out to the wire saw 20 it runs. 
Although the lowering speed of a work piece 50 may change according to various 
conditions, it is set up within the limits of 20 mm/hr - 50 mm/hr, for example. 
[0067] The coolant stored in the coolant tank 60 is fed through piping 63 with the 
regurgitation pump 62. Piping 63 has branched for the lower piping 64 and the up piping 
66 on the way. The bulbs 63b and 63a for adjusting the flow rate of the coolant through 
which it passes, respectively are formed in the lower piping 64 and the up piping 66. The 
lower piping 64 is connected to lower nozzle 64a prepared in the pars basilaris ossis 
occipitalis of the tub 30 for the cutting section being immersed. The up piping 66 is 
connected to the up nozzles 66a, 66b, and 66c for supplying the coolant from opening of 
a tub 30, and the up nozzles 66d and 66e prepared in order to cool the Maine rollers 10b 
and 10c, respectively. 

[0068] The coolant is supplied to a tub 30 from the up nozzles 66a, 66b, and 66c and 
lower nozzle 64a, and at least between cutting processes, as the arrow head F showed in 
drawing 1 , it is maintained by the condition that the coolant overflows from opening of a 
tub 30. The coolant which overflowed from the tub 30 is drawn and accumulated in the 
recovery tank 72 with the pan 70 for recovery with which the tub 30 was formed caudad. 
The collected coolant is sent to the coolant tank 60 through the piping 76 for circulation 
with the regurgitation pump 74, as shown in drawing 1 . In the middle of the piping 76 
for circulation, the filter 78 is formed and judgment removal of the cutting waste in the 
collected coolant is carried out. The recovery approach is not restricted to this but the 
device in which cutting waste is classified using magnetism may be established (for 
example, refer to application for patent No. 224481 [ 2000 to ]). 
[0069] Next, the cutting process by this invention is further explained to a detail, 
referring to drawing 2 . 

[0070] The tub 30 has the auxiliary wall 32 near opening of the side attachment wall 
which intersects the transit direction of a wire saw 20. This auxiliary wall 32 is formed 
with the plastic sheet (for example, acrylic board), and it is established so that it may 
approach in drawing 2 with the transit location of the wire saw at the time of no-load 
[ which was shown with the broken line ]. If it descends and a work piece 50 is contacted 
to a wire saw 20 in order to cut, a wire saw 20 bends, and as the continuous line showed 
in drawing 2 , the cutting section will be in the condition of having been immersed at the 
coolant in a tub 30. At this time, a wire saw 20 takes for bending, and a wire saw 20 cuts 
the auxiliary wall 32, and forms a slit. If cutting by the wire saw 20 will be in a steady 
state, the amount of deflections is fixed, and a wire saw 20 will cut a work piece 50, 
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passing through the insidelRhe slit formed in the auxiliary^^ll 32. Therefore, the slit 
formed in the auxiliary wall 32 functions as regulating the transit location of a wire saw 
20, and contributes also to the stability of process tolerance. 

[0071] The tub 30 has the capacity of about 35 L (liter), and as for the inside of a cutting 
process, the coolant is supplied by the flow rate of lower nozzle 64a to about 30 L/min, 
the coolant is supplied by the flow rate of about 90 L/min from the up nozzles 66a, 66b, 
and 66c, and it is maintained by the condition that the coolant always overflows from 
opening. Since only considering supplying the coolant to a wire saw 20 a wire saw 29 
bends during cutting as shown in drawing 2 , there is not necessarily no need of flooding 
the coolant, but when cutting the neodymium magnet sintered compact to illustrate, in 
order to improve eccritic [ of cutting waste ], it is desirable to adopt the above 
configurations. 

[0072] In order to raise eccritic [ of cutting waste ], it is effective to reduce the amount of 
the cutting waste contained in the coolant near the cutting section. In order to acquire 
eccritic [ sufficient ], as for the amount in which the coolant overflows in 1 minute, it is 
desirable that it is 50% or more of the volume of a tub. Furthermore, as for the fresh 
coolant, supplying mostly from opening is more desirable than the pars basilaris ossis 
occipitalis of a tub 30. Since it sediments easily, if many coolant is supplied from the pars 
basilaris ossis occipitalis of a tub 30, since the cutting waste which sedimented will 
become the cause which floats near the cutting section, the cutting waste discharged in 
the coolant since the coolant with the low viscosity which uses water as a principal 
component was used is not desirable. 

[0073] Moreover, in order to make [ many ] the rate that the fresh coolant supplied to a 
wire saw 20 (that is, cutting slot) from opening occupies, it is more desirable than the 
wire saw 20 it runs to make [ many ] the coolant supplied from the upper part. That is, the 
amount of the cutting waste contained in the coolant supplied to the cutting section can 
be reduced by supplying the coolant also from opening of a tub 30 and maintaining in the 
condition of overflowing from opening. Furthermore, the effectiveness which flushes 
mechanically the cutting waste adhering to a wire saw 20 by the flow of the coolant 
supplied from opening of a tub 30 is also acquired. 

[0074] Moreover, since parts other than the slit formed of the wire saw 20 function as a 
side attachment wall of a tub 30, the auxiliary wall 32 mentioned above functions as 
keeping the oil level S of the coolant high. Furthermore, Nozzles 66b and 66c are used 
for the side which intersects the transit direction of the wire saw 20 of opening of a tub 
30, a curtain-like cooling liquid flow is formed in it, and it controls that the coolant 
overflows from opening of a tub 30. Since more coolant will be supplied to the perimeter 
of the cutting section when the oil level S of the overflowing coolant is made by this 
higher than the auxiliary wall 32 of a tub 30, the amount of the cutting waste in the 
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coolant can be reduced funWr. As for the discharge pressuiWbr forming a cooling liquid 
flow, it is desirable that it is within the limits of 20MPa(2kgf) -lOOMPa (lOkgf), and it is 
still more desirable that it is within the limits of 40MPa(4kgf) -60MPa (6kgf). If a 
discharge pressure is lower than this range, sufficient effectiveness may not be acquired, 
if higher than this range, blurring may occur in a wire saw 20, consequently process 
tolerance may fall. 

[0075] Moreover, it is desirable to carry out the regurgitation of the coolant also to the 
Maine rollers 10b and 10c of the pair which is arranged at the both sides of a tub 30 and 
regulates the transit location of a wire saw 20. By carrying out the regurgitation of the 
coolant to these Maine rollers 10b and 10c While controlling the temperature rise of the 
organic macromolecule layer (for example, polyurethane rubber layer) which has the slot 
for guiding a wire saw 20 established in the front face of the Maine rollers 10b and 10c 
Since the cutting waste (or sludge) which adhered or piled up in the wire saw 20 or the 
guide rail can be flushed, while being able to prevent the transit location of a wire saw 20 
shifting, or separating from wire saw 20 fang furrow, the effectiveness of improving 
eccritic is also acquired. 

[0076] As an extreme pressure additive mixed by the coolant which uses water as a 
principal component, a sulfur content compound is desirable. Also in a sulfur content 
compound, organic acids and these salts, such as alpha of a sulfuration fatty acid, a 
mercapto fatty acid, a thiocarboxylic acid, and a polysulfide and omega dicarboxylic 
acid, mercapto alcohol, etc. are desirable. 

[0077] As a sulfuration fatty acid, the sulfide of unsaturated fatty acid, such as oleic acid 
and linolic acid, can be used. The thing of 8-22 has the desirable carbon number of a fatty 
acid. As a methyl KAPUTO fatty acid, thioglycolic acid and 12-mercapto stearin acid can 
be used. As a thiocarboxylic acid, thiobenzoic acid and a dithio benzoic acid can be used 
and a dithio propionic acid and dithio octylic acid can be used as alpha of a polysulfide, 
and omega dicarboxylic acid. As a base which forms these acids and salts, alkanolamine, 
alkylamine, ammonia, and an inorganic alkali compound can be used. Mercaptoethanol, 
mercapto propanol, and mercapto isobutanol can be used as mercapto alcohol. 
[0078] As a surfactant added by the coolant which uses water as a principal component, 
ARUKI roll amide systems, such as polyhydric-alcohol systems, such as polyoxyethylene 
systems, such as polyoxyethylene alkyl phenyl ether and polyoxyethylene mono-fatty 
acid ester, and sorbitan mono-fatty acid ester, or fatty-acid diethanolamide, can be used 
as an anion system as sulfonic acid types, such as sulfate molds, such as fatty-acid 
derivatives, such as fatty-acid soap and naphthenic-acid soap, or a long-chain alcoholic 
sulfate, and sulfated oil of animal and vegetable oils, or a petroleum sulfonate, and a non- 
ion system. Specifically, surface tension and a dynamic friction coefficient can be 
adjusted within the limits of predetermined by adding chemical solution type JP-0497N 
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(castrol company make) aWit 2% of the weight in water. 

[0079] Moreover, as synthetic type composition lubricant, a synthetic solution type, a 
synthetic emulsion type, and a synthetic soluble type can be used, also in it, a synthetic 
solution type is desirable and the lubricant (#830 and #870 by YUSHIRO CHEMICAL 
INDUSTRY CO., LTD.) which specifically contains a glycol, alkanolamine, etc., and 
SHINTAIRO 9954 (castrol company make) can be mentioned. All can adjust surface 
tension (or dynamic friction coefficient) within suitable limits by adding in water 2 % of 
the weight to about 10% of the weight. 

[0080] Moreover, the corrosion of a. rare earth alloy can be prevented by making a rust 
preventive contain. Here, as for PH, being referred to as 8-11 is desirable. As a rust 
preventive, a phosphoric acid salt, a borate, molybdate, a tungstate, or a carbonate can be 
used as amines, such as carboxylate, such as oleate and a benzoate, or triethanolamine, 
and an inorganic system as an organic system. 

[0081] Moreover, nitrides, such as bends triazole, can be used as nonferrous metal 
anticorrosives, and formaldehyde donators, such as hexa hydro triazine, can be used as 
antiseptics, for example. 

[0082] Moreover, a silicone emulsion can be used as a defoaming agent. By making a 
defoaming agent contain, foaming of the coolant is lessened, the permeability of the 
coolant is improved, the cooling effect is heightened, the temperature rise in a wire saw 
20 is prevented, and an abnormality rise and anomalous attrition of the temperature of a 
wire saw 20 stop being able to happen easily. 

[0083] The structure of the wire saw 20 suitably used with this operation gestalt is 
explained referring to drawing 3 . In addition, all over drawing, the lower half is 
simplified from Chuo Line shown with the alternate long and short dash line of a wire 
saw 20. 

[0084] As a wire saw 20, what fixed the diamond abrasive grain 24 in the resin layer 26 
is suitably used for the peripheral face of a core wire (piano wire) 22. Also in it, it is 
desirable to use phenol resin as resin. The bond strength of phenol resin to the peripheral 
face of piano wire (hard drawn steel wire) 22 is high, and it excels also in the wettability 
(permeability) to the coolant mentioned above. 

[0085] As an example of the suitable wire saw 20, the diamond abrasive grain whose 
mean particle diameter is about 45 micrometers is fixed on the periphery of the piano 
wire 22 whose diameter is about 0.18mm in the phenol resin layer 26, and the wire saw 
20 whose outer diameter is about 0.24mm is mentioned to it. Moreover, as for the mean 
distance between the abrasive grains 26 which adjoin mutually in the transit direction 
(shaft orientations: direction parallel to the one-point broken line in drawing) of the 
viewpoint of a cutting efficiency and the discharge effectiveness of cutting waste (sludge) 
to the wire saw 20, what is within the limits of 200% - 600% of the mean particle 
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diameter D of an abrasive fftn is desirable. Furthermore, aW6r the average height of the 
part which the abrasive grain 22 has projected from the front face of the phenol resin 
layer 26, it is desirable that it is within the limits of 10 micrometers - 40 micrometers. 
Such a wire saw 20 has eccritic [ good ] while having a good cutting efficiency, since the 
space (called a "chip pocket") 28 of moderate magnitude is formed between abrasive 
grains 22. 

[0086] Here, the example of the result of having examined the addition dependency of 
the extreme pressure additive given to the cutting property of a rare earth alloy about the 
coolant which contains a sulfuration oleic acid diethanolamine salt as an extreme pressure 
additive is explained. 

'[0087] The wire saw equipment 100 shown in drawing 1 was used for cutting. As a wire 
saw 20, the wire saw by which the industrial diamond abrasive grain with a particle size 
of 40 micrometers - 60 micrometers was fixed to the core wire with a diameter of 180 
micrometers in the phenol resin layer with a thickness of 15 micrometers - 40 
micrometers was used. The mean distance between abrasive grains was about 100 
micrometers. 

[0088] Using NEOMAX-46 by Sumitomo Special Metals Co., Ltd. as a work piece, the 
die length of a cutting slot was set to 200mm, is in the condition which kept the fall 
velocity of a work piece constant by 40 mm/h, and measured the tension Fx (the transit 
direction of a wire saw 20) concerning a wire saw 20, and the reaction force (Fz) over the 
descent direction using the Xtal piezo-electricity type load cell. 
[0089] as cooling water, the YUSHIRO CHEMICAL INDUSTRY CO., LTD. make is 
synthetic in water (tap water) first ~ what did 10 volume % mixing of type composition 
lubricant #830 was prepared. What added the amount (volume criteria) which shows a 
sulfuration oleic acid diethanolamine salt in Table 1 was used for this as coolant. 
[0090] 
[Table 1] 
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[0091] Fx and Fx are falling by adding 500 ppm or more of extreme pressure additives so 
that clearly from the result of Table 1. Although the fall inclination of this cutting 
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resistance was checked to fliut 20000 ppm, corrosion was^^ked at by some work 
pieces when it exceeded 20000 ppm. Moreover, the inclination for the fall of cutting 
resistance to be mostly saturated in 1000 to 5000 ppm was seen. From these things, it can 
be said that it is desirable that it is 20000 ppm or less as for the addition of the extreme 
pressure additive to cooling water, and it is still more desirable that it is [ 1000 ppm or 
more ] 5000 ppm or less. 
[0092] 

[Effect of the Invention] According to this invention, the cutting process of the rare earth 
alloy by the bonded abrasive wire saw which can perform water using the coolant used as 
a principal component is offered. 

[0093] it is high process tolerance and few, when the cutting process of this invention is 
used ~ cut ~ since it can come out and a rare earth alloy can be cut, the loss of the 
ingredient of an expensive rare earth metal alloy is mitigable. Moreover, since the cyclic 
use of waste water of the coolant is easily realizable, it is environment-friendly and the 
cost of processing of wiaste fluid can be reduced. Therefore, the processing cost of a rare 
earth metal alloy is reduced, and a cutting article, for example, the voice coil motor for 
the magnetic heads, can be manufactured by the low price. 

[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] Especially this invention relates to the method of cutting a rare 
earth alloy using the wire saw which made the core wire fix an abrasive grain, and the 
manufacture approach of the rare earth magnet using it about the cutting process of a rare 
earth alloy, and the manufacture approach of a rare earth magnet. 



[Translation done.] 
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PRIOR ART 

[Description of the Prior Art] The rare earth alloy is used as an ingredient of a powerful 
magnet, for example. The rare earth magnet obtained by magnetizing a rare earth alloy is 
suitably used as a magnet for voice coil motors used for positioning of the magnetic head 
of a magnetic recording medium. 

[0003] The technique which slices an ingot from the former as an approach of cutting the 
ingot (a sintered compact being included) of a rare earth alloy, using the slicing blade 
rotated, for example is adopted. However, according to the approach of cutting with a 
slicing blade, since the thickness of a cutting cutting edge is comparatively large, a 
chipping allowance increases, and the yield of a rare earth alloy ingredient is low, and has 
become the factor which raises the cost of a rare earth alloy product (for example, rare 
earth magnet). 

[0004] There is an approach using the wire saw as a cutting process with few finishing 
allowances than a slicing blade. For example, JP,11-198020,A is indicating that hard and 
brittle materials, such as silicon, glass, neodymium, and a ferrite, can be cut using the 
wire saw (it is called a "bonded abrasive wire".) which fixed superabrasive by the bond 
layer on the peripheral surface of the core wire of high intensity. 



[Translation done.] 
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EFFECT OF THE INVENTION 

[Effect of the Invention] According to this invention, the cutting process of the rare earth 
alloy by the bonded abrasive wire saw which can perform water using the coolant used as 
a principal component is offered. 

[0093] it is high process tolerance and few, when the cutting process of this invention is 
used ~ cut ~ since it can come out and a rare earth alloy can be cut, the loss of the 
ingredient of an expensive rare earth metal alloy is mitigable. Moreover, since the cyclic 
use of waste water of the coolant is easily realizable, it is environment-friendly and the 
cost of processing of waste fluid can be reduced. Therefore, the processing cost of a rare 
earth metal alloy is reduced, and a cutting article, for example, the voice coil motor for 
the magnetic heads, can be manufactured by the low price. 



[Translation done.] 
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TECHNICAL PROBLEM 

[Problem (s) to be Solved by the Invention] If the plate of predetermined thickness is 
producible from the ingot of a rare earth alloy to several multi-sheet coincidence by few 
chipping allowances using the above bonded abrasive wire saws, the manufacturing cost 
of a rare earth magnet will be reduced sharply. However, there is still no report that the 
rare earth alloy was cut on mass-production level using the bonded abrasive wire saw. 
[0006] It is mentioned that the mechanical property of a rare earth alloy and the rare earth 
alloy (a "rare earth sintered alloy" is called hereafter.) especially manufactured by the 
sintering process differs from silicon etc. greatly as this main cause from the result which 
the artificer examined variously. Since it has the hard main phase (R2Fel4 B phase) 
which causes brittleness-mainly destruction, and the grain boundary phase (R rich phase) 
which causes ductility-destruction, specifically, unlike the hard and brittle material 
represented by silicon, a rare earth sintered alloy is hard to be cut. That is, compared with 
the case where hard and brittle materials, such as silicon, are cut, cutting force is high, 
consequently calorific value also has it. [ much ] Moreover, the specific gravity of a rare 
earth alloy is large compared with ingredients, such as about 7.5 and silicon, and the 
cutting waste (sludge) generated by cutting is hard to be discharged from the cutting 
section. 

[0007] Therefore, in order to cut a rare earth alloy efficiently with high process tolerance, 
while fully reducing cutting force, heat is efficiently radiated in the heat generated at the 
time of cutting, namely, it is necessary to cool the cutting section efficiently. Moreover, it 
is necessary to discharge efficiently the cutting waste generated by cutting. 
[0008] While falling cutting force by fully supplying the coolant (it also being called 
"cutting fluid".) excellent in lubricity to the cutting section of a rare earth alloy, the heat 
generated at the time of cutting can be radiated efficiently. If the wire saw is soaked in 
sufficient quantity of the coolant using the oily coolant as a result of the experiment by 
the artificer, the coolant can fully be supplied to the narrow cutting section by the wire 
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saw it runs. 

[0009] However, in order to process waste fluid so that environmental destruction may 
not be caused, it is difficult for the oily coolant that cost starts and to classify the cutting 
waste in waste fluid, and there is a problem that reuse of waste fluid or cutting waste is 
difficult. Moreover, in case cutting waste is reused, the carbon content in a raw material 
increases, and in order to reduce magnetic properties, there is also a problem of not being 
desirable. If these things are taken into consideration, as coolant, water (or water-soluble 
coolant) is desirable, but if water is used as coolant, since amount sufficient since 
viscosity (1.0mm2/s) is low for the wire saw it runs cannot be made to adhere, even if 
water wets a wire saw with water, it cannot supply the water of sufficient amount for the 
cutting section. 

[0010] By making it run a wire saw in the coolant overflowed from the tub of the coolant, 
JP,1 1-198020, A is indicating that the coolant can be made to adhere to a wire saw 
certainly, when making it run a bonded abrasive wire saw at high speed (for example, 
2000 m/min). However, according to the experiment of this invention person, even if it 
cuts a rare earth alloy, making it run a wire saw (for example, indicated by JP,11- 
198020, A) in the water currently overflowed, omission of an abrasive grain, and in being 
severe, an open circuit of a wire saw occurs. The travel speed of a wire saw generated 
this fault also for example, in 800 m/min extent. Even if it adopts the above-mentioned 
approach, this has high cutting force and is considered because water is not fully supplied 
to the cutting section. 

[0011] This invention is made in view of these many points, and the main purpose is in 
offering the cutting process of the rare earth alloy by the bonded abrasive wire saw which 
can be performed using the coolant which uses water as a principal component. 
Moreover, other purposes of this invention are to offer the voice coil motor equipped 
with the manufacture approach of a rare earth magnet of having used the cutting process 
of the above-mentioned rare earth alloy, and the rare earth magnet concerned. 



[Translation done.] 
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MEANS 

[Means for Solving the Problem] It is in the condition to which the cutting process of the 
rare earth alloy by this invention is the cutting process of the rare earth alloy using the 
wire saw which made the core wire fix an abrasive grain, and said rare earth alloy was 
immersed [ water ] in the coolant used as a principal component in the part cut by said 
wire saw. By making it run said wire saw, the process which cuts said rare earth alloy is 
included, it is characterized by said coolant containing 500 ppm or more an extreme 
pressure additive 20000 ppm or less on volume criteria, and the above-mentioned 
purpose is attained by that. 

[0013] As for said extreme pressure additive, it is desirable that it is a sulfur content 
compound. 

[0014] As for the surface tension in 25-degreeC of said coolant, it is desirable that it is 
within the limits of 25 mN/m - 60 mN/m. 

[0015] As for said coolant, it is desirable that the water of the weight within the limits of 
10 times to 50 times of the weight of water-soluble synthetic lubricant and said synthetic 
lubricant is included. 

[0016] Or said coolant may also contain the water of the weight within the limits of 10 
times to 50 times of the weight of a surfactant and a surfactant. 
[0017] Said coolant may also contain a defoaming agent. As for said coolant, it is 
desirable that PHs are 8-11. Moreover, said coolant may also contain a rusr-proofer. 
[0018] As for said abrasive grain, it is desirable to have fixed by the phenol resin layer 
formed in the peripheral face of said core wire. 

[0019] As for the average height of the part which the mean distance between said 
abrasive grains which adjoin mutually has within the limits of 200% - 600% of the mean 
particle diameter of said abrasive grain, and said abrasive grain has projected from the 
front face of said phenol resin layer in the transit direction of said wire saw, it is desirable 
that it is within the limits of 10 micrometers - 40 micrometers. 
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[0020] As for the mean paiWe diameter D of said abrasive^rain, it is desirable to satisfy 
20 micrometer<=D <=60micrometer relation. 

[0021] In said cutting process, it is immersed in said coolant by which the part in which 
said rare earth alloy is cut by said wire saw was held in the tub, and being maintained by 
the condition of overflowing from said opening is desirable [ the coolant ] by being 
supplied from opening of said tub while said coolant is supplied in said tub from the pars 
basilaris ossis occipitalis of said tub. 

[0022] As for the amount in which said coolant overflows in 1 minute, in said cutting 
process, it is desirable that it is 50% or more of the volume of said tub. 
[0023] In said cutting process, many things of the amount of said coolant supplied from 
said opening are more desirable than the amount of said coolant supplied from said pars 
basilaris ossis occipitalis. 

[0024] In said cutting process, it is desirable by forming curtain-like an air current or a 
cooling liquid flow in said opening of said tub to control that said coolant overflows from 
said opening of said tub. 

[0025] Said rare earth alloy may be a R-Fe-B system rare earth sintered alloy, and may be 
a Nd-Fe-B system rare earth sintered alloy. In addition, R is the rare earth elements 
containing Y. 

[0026] The manufacture approach of the rare earth magnet of this invention includes the 
process which produces the sintered compact of a rare earth magnet from rare earth alloy 
powder, and the process which separates two or more rare earth magnets from said 
sintered compact using the cutting process of one of the above-mentioned rare earth 
alloys, and the above-mentioned purpose is attained by that. 
[0027] The voice coil motor by this invention is equipped with the rare earth magnet 
produced by the manufacture approach of the above-mentioned rare earth magnet. The 
thickness of said rare earth magnet may be in the range which is 0.5mm - 3.0mm. 
[0028] 

[Embodiment of the Invention] Below, the cutting process of the rare earth alloy of the 
operation gestalt by this invention and the manufacture approach of a rare earth magnet 
are explained. 

[0029] The cutting process of the rare earth alloy by this invention is the cutting process 
of the rare earth alloy using the wire saw which made the core wire (typically piano wire) 
fix an abrasive grain (typically diamond abrasive grain), while a rare earth alloy supplies 
the coolant which uses water as a principal component to the part cut by the wire saw, by 
making it run a wire saw, the process which cuts a rare earth alloy is included and the 
coolant contains 500 ppm or more an extreme pressure additive 20000 ppm or less on 
volume criteria. As for an extreme pressure additive, it is desirable that it is a sulfur 
content compound. In addition, in this specification, "the coolant which uses water as a 
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a^hie coolant whose 70% of the £ 



principal component" meaWme coolant whose 70% of the Wight or more of the whole 
is water. 

[0030] With the frictional heat generated at the time of cutting, an extreme pressure 
additive reacts chemically with the metallic element (mainly iron) which constitutes a 
rare earth alloy, and forms metallic compounds. Therefore, although it is hard to cut a 
rare earth alloy, the ductility is reduced by the extreme pressure additive, and cutting 
force becomes low. Therefore, even if it uses the coolant of a drainage system with low 
lubricity compared with the oily coolant, it becomes possible to cut a rare earth alloy 
efficiently. 

[0031] It is desirable to use the compound (called a sulfur system extreme pressure 
additive) containing sulfur (S) as an extreme pressure additive. A sulfur system extreme 
pressure additive reacts with the iron contained in a rare earth alloy, forms an iron 
sulfide, and is excellent in the effectiveness of embrittling the contact surface. In 
addition, for example, the phosphorus system extreme pressure additive and phosphorus- 
sulfur system extreme pressure additive other than a sulfur system extreme pressure 
additive can also be used. 

[0032] Although especially the sulfur content compound suitably used as an extreme 
pressure additive added by the coolant of this invention is not limited, what has the high 
compatibility (solubility or homogeneity dispersibility) over water is desirable, and it is 
desirable that they are an acid, a salt, or lower alcohol. For example, organic acids and 
these salts, such as alpha of a sulfuration fatty acid, a mercapto fatty acid, a 
thiocarboxylic acid, and a polysulfide and omega dicarboxylic acid, mercapto alcohol, 
etc. can be mentioned. Especially, alpha of a sulfuration fatty acid and a polysulfide, 
omega dicarboxylic acid, and these salts are desirable. A sulfur content compound may 
use one sort independently, and may use it combining two or more sorts. 
[0033] As for the addition to the whole coolant of an extreme pressure additive, it is 
desirable that it is 500 ppm or more 20000 ppm or less on volume criteria, and it is still 
more desirable that it is [ 1000 ppm or more ] 5000 ppm or less. When the effectiveness 
of an extreme pressure additive may not fully be demonstrated if it is less than 500 ppm, 
and it exceeds 20000 ppm, it may react beyond a rare earth alloy and the need, and 
dependability (corrosion resistance) may be spoiled. 

[0034] Furthermore, as for the surface tension in 25-degreeC of the coolant, it is desirable 
that it is within the limits of 25 mN/m - 60 mN/m. As coolant, the dynamic friction 
coefficient in 25-degreeC to a rare earth alloy may use the thing of 0.1-0.3. 
[0035] A wire saw can be efficiently cooled by performing the process which cuts a rare 
earth alloy using a bonded abrasive wire saw in the condition of having been immersed in 
the coolant which has the surface tension in 25-degreeC within the limits of about 25 
mN/m - about 60 mN/m (about 25 dyn/cm - about 60 dyn/cm) in the cutting section. 
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Since the wettability (or cfllordance) to a rare earth alloy 8f/or a wire saw is excellent 
compared with water, the coolant which has the above-mentioned surface tension within 
the limits is the cutting section (part by which a rare earth alloy and a wire saw contact 
mutually, and a rare earth alloy is cut.). It is also called a cutting slot. It thinks for the 
coolant to permeate efficiently. Of course, since the specific heat is large compared with 
the oily coolant (for example, mineral oil), the coolant which uses water as a principal 
component has high cooling effectiveness. 

[0036] The coolant suitably used in the cutting process of the rare earth alloy of this 
invention can also be sorted out with the dynamic friction coefficient to the above- 
mentioned rare earth alloy, and the coolant which has the above-mentioned dynamic 
friction coefficient in 25-degreeC in about 0.1 - about 0.3 within the limits can 
demonstrate an operation and effectiveness equivalent to the coolant which has the 
above-mentioned surface tension within the limits. A dynamic friction coefficient is 
considered to be the lubricative index which the coolant gives to the cutting section to 
surface tension being considered to be the index which shows the permeability of the 
coolant to the cutting section. In addition, it is known that a qualitative correlation is 
between surface tension and a dynamic friction coefficient. 

[0037] The surface tension of the coolant is measured using the DEYUNUI surface 
tension balance known well. Moreover, dynamic coefficient of friction of the coolant to a 
rare earth alloy is measured in Japan using a Masuda style "a walk type friction tester" 
currently used abundantly as a fundamental testing machine. In this specification, each 
adopts the value in 25-degreeC as a value by which the coolant is characterized. 
[0038] In addition, the dynamic friction coefficient shown in the following examples is 
the value calculated with the walk type friction tester using the iron ball. Since there are 
most iron contents in a component element, the R-Fe-B system rare earth alloy (for 
example, alloy which makes a Nd2Fel4B intermetallic compound the main phase) 
illustrated in the example is good approximation, and the dynamic friction coefficient of 
the coolant for which it asked using the iron ball can be used for it as a dynamic friction 
coefficient to a rare earth alloy. The presentation and the manufacture approach of a rare 
earth alloy which are suitably used as a rare earth magnet are indicated by U.S. Pat. No. 
4,770,723 and U.S. Pat. No. 4,792,368. 

[0039] In addition, although the coolant suitably used with the cutting process of this 
invention was specified using the surface tension or the dynamic friction coefficient of 
25-degreeC, the temperature of the coolant at the time of actually using it is not restricted 
to 25-degreeC. However, in order to acquire the effectiveness of this invention, it is 
desirable to use the coolant by which temperature control was carried out within the 
limits of 15-degreeC-35-degreeC, it is still more desirable that it is within the limits of 
20-degreeC-30-degreeC, and it is still more desirable that it is within the limits of 20- 
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degreeC-25-degreeC. Sinc^R depends for the surface tensi^fcnd the dynamic friction 
coefficient of the coolant on temperature as known well, if it separates not much from the 
temperature requirement of the above [ the temperature of the actually used coolant ] , the 
surface tension and the dynamic friction coefficient of the coolant will be in the condition 
of having resembled well the condition of having separated from the above-mentioned 
numerical range, respectively, and cooling effectiveness will fall. 
[0040] Since the abnormality rise of the temperature of a wire saw can be controlled by 
using the coolant which has the surface tension (or dynamic friction coefficient) of the 
above-mentioned range, abnormality degraining of an abrasive grain and an open circuit 
of a wire saw can be controlled and prevented still more efficiently. Consequently, while 
the fall of process tolerance is prevented, since it becomes possible to use a wire saw for 
a period longer than before, a manufacturing cost can be reduced. 
[0041] The coolant which has the surface tension (or dynamic friction coefficient) of the 
above-mentioned range is prepared by adding in water a surface active agent and the so- 
called synthetic lubricant called "synthetic [ synthetic (Synthetic) ]." By adjusting a class 
and an addition, predetermined surface tension and a predetermined dynamic friction 
coefficient can be obtained. Moreover, since viscosity is comparatively low when the 
coolant which uses water as a principal component is used, it is possible to classify the 
cutting waste of a rare earth alloy from the sludge generated by cutting easily using a 
magnet, and the coolant can be reused. Moreover, it can prevent having a bad influence 
on natural environment by abandonment processing of the coolant. Moreover, the amount 
of the carbon contained in a sludge can be reduced and the magnetic properties of the 
magnet which uses as a raw material the cutting waste collected from the sludge can be 
improved. 

[0042] When it cuts making it run a wire saw at high speed, the coolant may foam and 
cooling effectiveness may fall. By using the coolant containing a defoaming agent, 
decline in the cooling effectiveness by foaming of the coolant can be controlled. 
Furthermore, the corrosion of a rare earth alloy can be controlled by using the coolant 
which has PH within the limits of 8-11. Moreover, oxidation of a rare earth alloy can be 
controlled by using the coolant containing a rusr-proofer. What is necessary is just to 
adjust these suitably in consideration of a class, cutting conditions, etc. of a rare earth 
alloy. 

[0043] As a wire saw, what fixed the diamond system abrasive grain by resin is used 
suitably. That is, the wire saw which used resin and fixed the diamond system abrasive 
grain to the peripheral face of a core wire (typically piano wire) can be used suitably. 
Also in it, it is desirable to use phenol resin as resin. The bond strength of phenol resin to 
the peripheral face of piano wire (hard drawn steel wire) is high, and it excels also in the 
wettability (permeability) to the coolant mentioned later. Moreover, it is cheaper than the 
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wire saw manufactured usi^an electrodeposition process, the cost concerning 
cutting of a rare earth alloy can be reduced. Although the fixing force of an abrasive grain 
is weak compared with the wire saw produced by the electrodeposition process (an 
abrasive grain is fixed for example, with nickel plating etc.), since peeling of an abrasive 
grain etc. can be lessened by using the coolant adjusted to the range which mentioned the 
dynamic friction coefficient above, it becomes possible to cut the rare earth alloy which 
is hard to cut. 

[0044] In addition, the core wire of a wire saw may not be restricted to piano wire, but 
may be formed from what bundled high intensity fiber, such as a thing formed from 
refractory metals, such as alloys, such as nickel-Cr and Fe-nickel, W, and Mo, or nylon 
fiber. Moreover, the ingredient of an abrasive grain may not be limited to a diamond, but 
may be SiC, B, C, CBN (Cubic Boron Nitride), etc. 

[0045] In order to acquire the advantage that it cuts and there is little **, the outer 
diameter of a wire saw has 0.3 desirablemm or less, and it is still more desirable that it is 
0.25mm or less. In order that it may be set up and the lower limit of the outer diameter of 
a wire saw may fix the abrasive grain of predetermined magnitude by sufficient 
reinforcement so that sufficient reinforcement may be obtained, a core wire with a 
diameter of about 0.12-0.20mm is used. As for the mean particle diameter D of an 
abrasive grain, it is desirable to satisfy 20 micrometer<=D <=60micrometer relation from 
a viewpoint of a cutting efficiency, and it is desirable to satisfy especially the relation 
which is 40 micrometer<=D <=60micrometer. Moreover, as for the mean distance 
between the abrasive grains which adjoin mutually in the transit direction of the 
viewpoint of a cutting efficiency and the discharge effectiveness of cutting waste (sludge) 
to a wire saw, it is desirable that it is within the limits of 200% - 600% of the mean 
particle diameter D of an abrasive grain, and, as for the average height of the part which 
the abrasive grain has projected from the front face of a phenol resin layer, it is desirable 
that it is within the limits of 10 micrometers - 40 micrometers, this wire saw may be 
supplied by the manufacturer (for example, incorporated company ally DOMATE ~ real) 
of a general wire saw if the above-mentioned specification is specified. 
[0046] Since a good cutting efficiency can be realized and it excels also in eccritic [ of 
cutting waste ] when such a wire saw is used, it can cut also at a comparatively high 
travel speed (for example, 1000 m/min). Moreover, since it is efficiently cooled by the 
above-mentioned coolant, with good process tolerance, it can continue at a long period of 
time, and a rare earth alloy can be cut to stability. 

[0047] The coolant which uses as a principal component the water used for the cutting 
process of this invention is one with low (kinematic viscosity is about lmm2/s) viscosity, 
and eccritic [ of cutting waste ] is lower than the oily coolant (kinematic viscosity is 
generally more than 5mm2/s). Then, it is maintained by the condition of having been 
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immersed in the coolant bjl^ich the cutting section was h^f in the tub in the cutting 
process in order to raise eccritic [ of cutting waste ], and being maintained by the 
condition of overflowing from opening of a tub is desirable [ the coolant ] by being 
supplied from opening of a tub while the coolant is supplied in a tub from the pars 
basilaris ossis occipitalis of a tub. 

[0048] The cutting waste which the cutting waste discharged in the coolant with low 
viscosity sediments easily, and floats near opening of a tub is slight. Since a wire saw is 
arranged so that it may run the inside of the coolant near opening of a tub in order to cut 
the cutting section in the condition of having been immersed into the coolant, a wire saw 
runs the inside of the coolant with little cutting waste, and the coolant with little cutting 
waste is supplied to the cutting section. The amount of the cutting waste in the coolant 
supplied to the cutting section can be reduced by supplying the coolant also from opening 
of a tub and maintaining in the condition of overflowing from opening, especially. 
Furthermore, the effectiveness which flushes the cutting waste adhering to a wire saw 
mechanically by the flow of the coolant supplied from opening of a tub is also acquired. 
As for the amount in which the coolant overflows in 1 minute, it is desirable that it is 
50% or more of the volume of a tub. Moreover, many things of the amount of the coolant 
supplied from opening are more desirable than the amount of the coolant supplied from 
the pars basilaris ossis occipitalis of a tub. 

[0049] Furthermore, since more coolant will be supplied to the perimeter of the cutting 
section when the corkscrew twist of a tub also makes high the oil level of the coolant 
which overflows by forming a curtain-like cooling liquid flow (or air current) in opening 
of a tub, and controlling that the coolant overflows from opening of a tub, the amount of 
the cutting waste in the coolant can be reduced further. Here, the cooling liquid flow was 
formed in the shape of a curtain on the side of opening of the tub which intersects the 
transit direction of a wire saw. As for the discharge pressure for forming a cooling liquid 
flow, it is desirable that it is within the limits of 20MPa(2kgf) -lOOMPa (lOkgf), and it is 
still more desirable that it is within the limits of 40MPa(4kgf) -60MPa (6kgf). If a 
discharge pressure is lower than this range, sufficient effectiveness may not be acquired, 
when higher than this range, a wire saw may bend, and process tolerance may fall. 
[0050] Moreover, it is desirable to carry out the regurgitation of the coolant also to the 
Maine roller of the pair which is arranged at the both sides of a tub among the Maine 
rollers formed in order to make it run a wire saw, and regulates the transit location of a 
wire saw. While controlling the temperature rise of the organic macromolecule layer (for 
example, polyurethane rubber layer) which has the slot for guiding a wire saw established 
in the front face of the Maine roller by carrying out the regurgitation of the coolant to 
these Maine rollers, it can prevent the transit location of a wire saw shifting or separating 
from a wire saw fang furrow by flushing the cutting waste (or sludge) which adhered or 
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piled Up in the wire saw oWfe guide rail. 

[0051] Moreover, the coolant is reusable by collecting the dirty liquid which consists of a 
sludge containing the cutting waste of a rare earth alloy generated at the cutting process, 
and coolant, and classifying the cutting waste of a rare earth alloy using a magnet out of a 
sludge (for example, cyclically use). As mentioned above, since viscosity is low, the 
coolant which uses water as a principal component can classify cutting waste easily. 
Moreover, by classifying the cutting waste of a rare earth alloy, it can carry out so that a 
damage may not be given to an environment easily [ processing / of the coolant / waste 
fluid ]. Furthermore, cutting waste can also be used as a playback raw material of a rare 
earth alloy. Since it is easy to make low the amount of the carbon contained in the rare 
earth alloy reproduced from cutting waste since the coolant uses water as a principal 
component, the raw material used as an ingredient of a rare earth magnet can be obtained. 
The judgment approach of the cutting waste from a sludge can use the approach which 
the applicant for this patent indicated to the application for patent No. 224481 [ 2000 to ]. 

[0052] The cutting process by this invention is applied suitable for cutting of a rare earth 
sintered alloy with difficult cutting, especially a R-Fe-B system rare earth sintered alloy, 
as mentioned above. A rare earth magnet is obtained by magnetizing the rare earth alloy 
cut by the cutting process by this invention. A magnetization process may be performed 
before a cutting process and may be performed behind. The rare earth sintered magnet 
manufactured using a R-Fe-B system rare earth sintered alloy is suitably used as an 
ingredient for voice coil motors used for positioning of the magnetic head. Especially the 
cutting process by this invention is used suitable for cutting of the R-Fe-B system rare 
earth sintered magnet (alloy) currently indicated by the U.S. Pat. No. 4,770,723 
specification and U.S. Pat. No. 4,792,368 specification by applicants for this patent, 
furthermore, the hard main phase (iron rich phase) which uses neodymium (Nd), iron 
(Fe), and boron (B) as a principal component, and consists of a Nd2Fel4B intermetallic 
compound of tetragonal structure also in it and Nd ~ it is applied suitable for cutting and 
manufacture of a rare earth sintered magnet (alloy) ("a neodymium magnet (alloy)" is 
called hereafter.) which have a grain boundary phase with rich stickiness. As a typical 
example of a neodymium magnet, there are the Sumitomo Special Metals Co., Ltd. make 
and a trade name NEOMAX. 

[0053] if the cutting process by this invention is adopted — a rare earth alloy ~ high 
degree of accuracy — and a rare earth magnet (thickness is 0.5mm - 3.0mm) small [ for 
the voice coil motors used for positioning of the magnetic head ], for example since it can 
cut efficiently ~ high degree of accuracy ~ and it can manufacture efficiently. 
[0054] (Operation gestalt) The operation gestalt of the cutting process of the rare earth 
alloy by this invention is explained still more concretely hereafter, referring to a drawing. 
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This Operation gestalt expiJfc the cutting process of the ne^^mium magnet sintered 
compact used for manufacture of an above-mentioned neodymium magnet. 
[0055] How to produce a neodymium (Nd-Fe-B) sintered magnet is explained briefly, in 
addition, the approach of producing the rare earth alloy as a magnet ingredient — for 
example, an above-mentioned U.S. Pat. No. 4,770,723 specification ~ and it is alike and 
is indicated by the U.S. Pat. No. 4,792,368 specification at the detail. 
[0056] First, after carrying out weighing capacity of the raw material metal to a 
predetermined component ratio correctly, a raw material metal is dissolved with a RF 
fusion furnace in a vacuum or an argon gas ambient atmosphere. The dissolved raw 
material metal is cast to water-cooled mold, and the raw material alloy of a 
predetermined presentation is formed. This raw material alloy is ground and impalpable 
powder with a mean particle diameter of about 3-4 micrometers is produced. This 
impalpable powder is put into metal mold, and press forming is carried out in a field. 
Press forming is performed after mixing impalpable powder with lubricant if needed at 
this time. Next, if about 1000-degreeC - abbreviation 1200-degree about C process 
[ sintering ] is performed, a neodymium magnet sintered compact is producible. Then, in 
order to raise magnetic coercive force, aging treatment in about 600-degreeC is 
performed, and production of a rare earth magnet sintered compact is completed. The size 
of a sintered compact is 30mmx50mmx50mm. 

[0057] Cutting processing of the obtained sintered compact is performed and two or more 
sheet metal (called a substrate or a wafer) cut from the sintered compact is formed, 
surface treatment is performed in order to raise long-term dependability, after the sheet 
metal of the obtained sintered compact is alike, respectively, and receiving, performing 
finish-machining by polish and preparing a dimension and a configuration. Then, after 
performing a magnetization process, a neodymium permanent magnet is completed 
through an inspection process. In addition, a magnetization process may be performed 
before a cutting process. 

[0058] Next, the cutting process by this invention is explained, referring to drawing 3 
from drawing 1 . 

[0059] Drawing 1 is the outline block diagram showing the wire saw equipment 100 used 
suitably, in order to perform cutting process of the rare earth alloy of the operation gestalt 
by this invention. 

[0060] Wire saw equipment 100 has three Maine rollers 10a, 10b, and 10c and the reel 
bobbins 40a and 40b of a pair. The Maine rollers 10b and 10c with which Maine roller 
10a prepared in the lower part of the tub 30 which holds the coolant is a driving roller, 
and is prepared in the both sides of a tub 30 are follower rollers. A wire saw 20 is rolled 
round by reel bobbin 40b of another side from one reel bobbin 40a, for example, carrying 
out both-way transit. The new wire saw 20 can be supplied to the reel bobbin 40a side. 
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carrying out both- way tranBrof the wire saw 20 by making^iling-up time amount of 
40a of a reel bobbin longer than the roUing-up time amount of reel bobbin 40b of another 
side at this time. The travel speed of a wire saw 20 is the range of for example, 200 
m/min to 1500 m/min, and the rate which supplies a new line is the range of for example, 
0 m/min - 5 m/min. 

[0061] A wire saw 20 is stretched by for example, 150 trains among the Maine rollers 
10a, 10b, and 10c. In order to decide the transit location of a wire saw 20, the organic 
macromolecule layer (for example, polyurethane rubber layer) which has a slot (for 
example, a depth of about 0.6mm, un-illustrating) for guiding a wire saw 20 is prepared 
in the front face of the Maine rollers 10a, 10b, and 10c. Spacing between the trains of a 
wire saw 20 is decided with the pitch of this guide rail. The pitch of a guide rail is set up 
according to the thickness of the plate which should be cut down from a work piece. 
[0062] Near the reel bobbins 40a and 40b, the traversers 42a and 42b for adjusting a 
rolling-up location are formed, respectively. Into a path until it results [ from the reel 
bobbins 40a and 40b ] in Maine roller 10a, while five guide idlers 44 and one tension 
roller 46 are formed in the each side and guiding a wire saw 20, the tension is adjusted. 
Although the tension of a wire saw 20 may be suitably changed according to various 
conditions (a length of cut, cutting speed, travel speed, etc.), it is set, for example as the 
range of 20N-40N. 

[0063] As the sintered compact work piece 50 produced as mentioned above is the 
following, it is set in wire saw equipment 100. 

[0064] By the adhesives (un-illustrating) of for example, an epoxy system, two or more 
work pieces 50 fix mutually, are assembled as two or more blocks, are conditions and are 
fixed to the iron work-piece plate 54 through the carbon base plate 52 in between. Each 
block and the carbon base plate 52 of the work-piece plate 54 and a work piece 50 have 
also fixed mutually with adhesives (un-illustrating). After cutting processing of a work 
piece 50 is completed, the base plate 52 made from carbon receives cutting processing by 
the wire saw 20 until downward actuation of the work-piece plate 54 stops, and functions 
as a dummy of protecting the work-piece plate 54. 

[0065] With this operation gestalt, each block size is designed so that the size of each 
block measured along the transit direction of a wire saw 20 may be set to about 100mm. 
Therefore, the cutting die length by the wire saw 20 is about 200mm here. Although the 
work piece 50 is divided and arranged to two or more blocks as mentioned above with 
this operation gestalt, as what magnitude the size in the transit direction of a wire saw 20 
should be set changes also with the surface tension and the travel speeds of the coolant. 
Moreover, the number of work pieces 50 and arrangement which constitute one block 
also change with the magnitude of each work piece 50. What is necessary is to divide into 
the block of the optimal size suitably and just to arrange a work piece 50 in consideration 
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of these. 

[0066] The work piece 50 set as mentioned above descends with a lifting device equipped 
with a motor 58, and cutting is pushed and carried out to the wire saw 20 it runs. 
Although the lowering speed of a work piece 50 may change according to various 
conditions, it is set up within the limits of 20 mm/hr - 50 mm/hr, for example. 
[0067] The coolant stored in the coolant tank 60 is fed through piping 63 with the 
regurgitation pump 62. Piping 63 has branched for the lower piping 64 and the up piping 
66 on the way. The bulbs 63b and 63a for adjusting the flow rate of the coolant through 
which it passes, respectively are formed in the lower piping 64 and the up piping 66. The 
lower piping 64 is connected to lower nozzle 64a prepared in the pars basilaris ossis 
occipitalis of the tub 30 for the cutting section being immersed. The up piping 66 is 
connected to the up nozzles 66a, 66b, and 66c for supplying the coolant from opening of 
a tub 30, and the up nozzles 66d and 66e prepared in order to cool the Maine rollers 10b 
and 10c, respectively. 

[0068] The coolant is supplied to a tub 30 from the up nozzles 66a, 66b, and 66c and 
lower nozzle 64a, and at least between cutting processes, as the arrow head F showed in 
drawing 1 , it is maintained by the condition that the coolant overflows from opening of a 
tub 30. The coolant which overflowed from the tub 30 is drawn and accumulated in the 
recovery tank 72 with the pan 70 for recovery with which the tub 30 was formed caudad. 
The collected coolant is sent to the coolant tank 60 through the piping 76 for circulation 
with the regurgitation pump 74, as shown in drawing 1 . In the middle of the piping 76 
for circulation, the filter 78 is formed and judgment removal of the cutting waste in the 
collected coolant is carried out. The recovery approach is not restricted to this but the 
device in which cutting waste is classified using magnetism may be established (for 
example, refer to application for patent No. 2244i81 [ 2000 to ]). 
[0069] Next, the cutting process by this invention is further explained to a detail, 
referring to drawing 2 . 

[0070] The tub 30 has the auxiliary wall 32 near opening of the side attachment wall 
which intersects the transit direction of a wire saw 20. This auxiliary wall 32 is formed 
with the plastic sheet (for example, acrylic board), and it is established so that it may 
approach in drawing 2 with the transit location of the wire saw at the time of no-load 
[ which was shown with the broken line ]. If it descends and a work piece 50 is contacted 
to a wire saw 20 in order to cut, a wire saw 20 bends, and as the continuous line showed 
in drawing 2 , the cutting section will be in the condition of having been immersed at the 
coolant in a tub 30. At this time, a wire saw 20 takes for bending, and a wire saw 20 cuts 
the auxiliary wall 32, and forms a slit. If cutting by the wire saw 20 will be in a steady 
state, the amount of deflections is fixed, and a wire saw 20 will cut a work piece 50, 
passing through the inside of the slit formed in the auxiliary wall 32. Therefore, the slit 
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formed in the auxiliary w^mZ functions as regulating the tnmsit location of a wire saw 
20, and contributes also to the stability of process tolerance. 

[0071] The tub 30 has the capacity of about 35 L (liter), and as for the inside of a cutting 
process, the coolant is supplied by the flow rate of lower nozzle 64a to about 30 L/min, 
the coolant is supplied by the flow rate of about 90 L/min from the up nozzles 66a, 66b, 
and 66c, and it is maintained by the condition that the coolant always overflows from 
opening. Since only considering supplying the coolant to a wire saw 20 a wire saw 29 
bends during cutting as shown in drawing 2 , there is not necessarily no need of flooding 
the coolant, but when cutting the neodymium magnet sintered compact to illustrate, in 
order to improve eccritic [ of cutting waste ], it is desirable to adopt the above 
configurations. 

[0072] In order to raise eccritic [ of cutting waste ], it is effective to reduce the amount of 
the cutting waste contained in the coolant near the cutting section. In order to acquire 
eccritic [ sufficient ], as for the amount in which the coolant overflows in 1 minute, it is 
desirable that it is 50% or more of the volume of a tub. Furthermore, as for the fresh 
coolant, supplying mostly from opening is more desirable than the pars basilaris ossis 
occipitalis of a tub 30. Since it sediments easily, if many coolant is supplied from the pars 
basilaris ossis occipitalis of a tub 30, since the cutting waste which sedimented will 
become the cause which floats near the cutting section, the cutting waste discharged in 
the coolant since the coolant with the low viscosity which uses water as a principal 
component was used is not desirable. 

[0073] Moreover, in order to make [ many ] the rate that the fresh coolant supplied to a 
wire saw 20 (that is, cutting slot) from opening occupies, it is more desirable than the 
wire saw 20 it runs to make [ many ] the coolant supplied from the upper part. That is, the 
amount of the cutting waste contained in the coolant supplied to the cutting section can 
be reduced by supplying the coolant also from opening of a tub 30 and maintaining in the 
condition of overflowing from opening. Furthermore, the effectiveness which flushes 
mechanically the cutting waste adhering to a wire saw 20 by the flow of the coolant 
supplied from opening of a tub 30 is also acquired. 

[0074] Moreover, since parts other than the slit formed of the wire saw 20 function as a 
side attachment wall of a tub 30, the auxiliary wall 32 mentioned above functions as 
keeping the oil level S of the coolant high. Furthermore, Nozzles 66b and 66c are used 
for the side which intersects the transit direction of the wire saw 20 of opening of a tub 
30, a curtain-like cooling liquid flow is formed in it, and it controls that the coolant 
overflows from opening of a tub 30. Since more coolant will be supplied to the perimeter 
of the cutting section when the oil level S of the overflowing coolant is made by this 
higher than the auxiliary wall 32 of a tub 30, the amount of the cutting waste in the 
coolant can be reduced further. As for the discharge pressure for forming a cooling liquid 
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flow, it is desirable that it Piithin the limits of 20MPa(2kg!^100MPa (lOkgf), and it is 
still more desirable that it is within the limits of 40MPa(4kgf) -60MPa (6kgf). If a 
discharge pressure is lower than this range, sufficient effectiveness may not be acquired, 
if higher than this range, blurring may occur in a wire saw 20, consequently process 
tolerance may fall. 

[0075] Moreover, it is desirable to carry out the regurgitation of the coolant also to the 
Maine rollers 10b and 10c of the pair which is arranged at the both sides of a tub 30 and 
regulates the transit location of a wire saw 20. By carrying out the regurgitation of the 
coolant to these Maine rollers 10b and 10c While controlling the temperature rise of the 
organic macromolecule layer (for example, polyurethane rubber layer) which has the slot 
for guiding a wire saw 20 established in the front face of the Maine rollers 10b and 10c 
Since the cutting waste (or sludge) which adhered or piled up in the wire saw 20 or the 
guide rail can be flushed, while being able to prevent the transit location of a wire saw 20 
shifting, or separating from wire saw 20 fang furrow, the effectiveness of improving 
eccritic is also acquired. 

[0076] As an extreme pressure additive mixed by the coolant which uses water as a 
principal component, a sulfur content compound is desirable. Also in a sulfur content 
compound, organic acids and these salts, such as alpha of a sulfuration fatty acid, a 
mercapto fatty acid, a thiocarboxylic acid, and a polysulfide and omega dicarboxylic 
acid, mercapto alcohol, etc. are desirable. 

[0077] As a sulfuration fatty acid, the sulfide of unsaturated fatty acid, such as oleic acid 
and linolic acid, can be used. The thing of 8-22 has the desirable carbon number of a fatty 
acid. As a methyl KAPUTO fatty acid, thiogly colic acid and 12-mercapto stearin acid can 
be used. As a thiocarboxylic acid, thiobenzoic acid and a dithio benzoic acid can be used 
and a dithio propionic acid and dithio octylic acid can be used as alpha of a polysulfide, 
and omega dicarboxylic acid. As a base which forms these acids and salts, alkanolamine, 
alkylamine, ammonia, and an inorganic alkali compound can be used. Mercaptoethanol, 
mercapto propanol, and mercapto isobutanol can be used as mercapto alcohol. 
[0078] As a surfactant added by the coolant which uses water as a principal component, 
ARUKI roll amide systems, such as polyhydric-alcohol systems, such as polyoxyethylene 
systems, such as polyoxyethylene alkyl phenyl ether and polyoxyethylene mono-fatty 
acid ester, and sorbitan mono-fatty acid ester, or fatty-acid diethanolamide, can be used 
as an anion system as sulfonic acid types, such as sulfate molds, such as fatty-acid 
derivatives, such as fatty-acid soap and naphthenic-acid soap, or a long-chain alcoholic 
sulfate, and sulfated oil of animal and vegetable oils, or a petroleum sulfonate, and a non- 
ion system. Specifically, surface tension and a dynamic friction coefficient can be 
adjusted within the limits of predetermined by adding chemical solution type JP-0497N 
(castrol company make) about 2% of the weight in water. 
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type composition lubricant, 



[0079] Moreover, as syntnWR type connposition lubricant, ^^nthetic solution type, a 
synthetic emulsion type, and a synthetic soluble type can be used, also in it, a synthetic 
solution type is desirable and the lubricant (#830 and #870 by YUSHIRO CHEMICAL 
INDUSTRY CO., LTD.) which specifically contains a glycol, alkanolamine, etc., and 
SHINTAIRO 9954 (castrol company make) can be mentioned. All can adjust surface 
tension (or dynamic friction coefficient) within suitable limits by adding in water 2 % of 
the weight to about 10% of the weight. 

[0080] Moreover, the corrosion of a rare earth alloy can be prevented by making a rust 
preventive contain. Here, as for PH, being referred to as 8-11 is desirable. As a rust 
preventive, a phosphoric acid salt, a borate, molybdate, a tungstate, or a carbonate can be 
used as amines, such as carboxylate, such as oleate and a benzoate, or triethanolamine, 
and an inorganic system as an organic system. 

[0081] Moreover, nitrides, such as bends triazole, can be used as nonferrous metal 
anticorrosives, and formaldehyde donators, such as hexa hydro triazine, can be used as 
antiseptics, for example. 

[0082] Moreover, a silicone emulsion can be used as a defoaming agent. By making a 
defoaming agent contain, foaming of the coolant is lessened, the permeability of the 
coolant is improved, the cooling effect is heightened, the temperature rise in a wire saw 
20 is prevented, and an abnormality rise and anomalous attrition of the temperature of a 
wire saw 20 stop being able to happen easily. 

[0083] The structure of the wire saw 20 suitably used with this operation gestalt is 
explained referring to drawing 3 . In addition, all over drawing, the lower half is 
simplified from Chuo Line shown with the alternate long and short dash line of a wire 
saw 20. 

[0084] As a wire saw 20, what fixed the diamond abrasive grain 24 in the resin layer 26 
is suitably used for the peripheral face of a core wire (piano wire) 22. Also in it, it is 
desirable to use phenol resin as resin. The bond strength of phenol resin to the peripheral 
face of piano wire (hard drawn steel wire) 22 is high, and it excels also in the wettability 
(permeability) to the coolant mentioned above. 

[0085] As an example of the suitable wire saw 20, the diamond abrasive grain whose 
mean particle diameter is about 45 micrometers is fixed on the periphery of the piano 
wire 22 whose diameter is about 0.18mm in the phenol resin layer 26, and the wire saw 
20 whose outer diameter is about 0.24mm is mentioned to it. Moreover, as for the mean 
distance between the abrasive grains 26 which adjoin mutually in the transit direction 
(shaft orientations: direction parallel to the one-point broken line in drawing) of the 
viewpoint of a cutting efficiency and the discharge effectiveness of cutting waste (sludge) 
to the wire saw 20, what is within the limits of 200% - 600% of the mean particle 
diameter D of an abrasive grain is desirable. Furthermore, as for the average height of the 
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part which the abrasive grffh.! has projected from the froiiWSce of the phenol resin 
layer 26, it is desirable that it is within the limits of 10 micrometers - 40 micrometers. 
Such a wire saw 20 has eccritic [ good ] while having a good cutting efficiency, since the 
space (called a "chip pocket") 28 of moderate magnitude is formed between abrasive 
grains 22. 

[0086] Here, the example of the result of having examined the addition dependency of 
the extreme pressure additive given to the cutting property of a rare earth alloy about the 
coolant which contains a sulfuration oleic acid diethanolamine salt as an extreme pressure 
additive is explained. 

[0087] The wire saw equipment 100 shown in drawin g 1 was used for cutting. As a wire 
saw 20, the wire saw by which the industrial diamond abrasive grain with a particle size 
of 40 micrometers - 60 micrometers was fixed to the core wire with a diameter of 180 
micrometers in the phenol resin layer with a thickness of 15 micrometers - 40 
micrometers was used. The mean distance between abrasive grains was about 100 
micrometers. 

[0088] Using NEOMAX-46 by Sumitomo Special Metals Co., Ltd. as a work piece, the 
die length of a cutting slot was set to 200mm, is in the condition which kept the fall 
velocity of a work piece constant by 40 mm/h, and measured the tension Fx (the transit 
direction of a wire saw 20) concerning a wire saw 20, and the reaction force (Fz) over the 
descent direction using the Xtal piezo-electricity type load cell. 
[0089] as cooling water, the YUSHIRO CHEMICAL INDUSTRY CO., LTD. make is 
synthetic in water (tap water) first ~ what did 10 volume % mixing of type composition 
lubricant #830 was prepared. What added the amount (volume criteria) which shows a 
sulfuration oleic acid diethanolamine salt in Table 1 was used for this as coolant. 
[0090] 
[Table 1] 



SEj^AQSaS (ppm) 


0 


500 


1000 


2000 


tZlHrif SE (mm/H) 


24.6 


29.3 


35.7 


33.1 


Fx Si) (N) 
fzitmm (N-mxlor*) 


0.95 
310.8 


1.13 
351.5 


0.97 
353.0 


0.84 
301.9 


Fxmti (N) 

FzttSB (N mxi(r») 


1.36 
464.1 


1.38 
428.3 


0.97 
353.0 


0.91 
325.6 



[0091] Fx and Fx are falling by adding 500 ppm or more of extreme pressure additives so 
that clearly from the result of Table 1. Although the fall inclination of this cutting 
resistance was checked to about 20000 ppm, corrosion was looked at by some work 
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pieces when it exceeded zWKo ppm. Moreover, the inclina^^ for the fall of cutting 
resistance to be mostly saturated in 1000 to 5000 ppm was seen. From these things, it can 
be said that it is desirable that it is 20000 ppm or less as for the addition of the extreme 
pressure additive to cooling water, and it is still more desirable that it is [ 1000 ppm or 
more ] 5000 ppm or less. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 In order to perform cutting process of the rare earth alloy of the operation 
gestalt by this invention, it is the mimetic diagram showing the wire saw equipment 100 
used suitably. 

[Drawing 21 It is the mimetic diagram showing the configuration near the cutting section 
of the wire saw equipment 100 shown in drawing 1 . 

[Drawing 31 In order to perform cutting process of the rare earth alloy of the operation 
gestalt by this invention, it is drawing showing typically the cross-section structure of the 
wire saw 20 used suitably. 
[Description of Notationsi 
10a, 10b, 10c Maine roller 
- 20 Wire Saw 
30 Tub 

40a, 40b Reel bobbin 
42a, 42b Traverser 
50 Work Piece 
60 Coolant Tank 
70 Pan for Recovery 



[Translation done.] 
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* NOTICES * 



# 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DRAWINGS 



[Drawing 11 



ro I— 1 56 

68 -HH I 66a 
-^=^ '64 



66d66b 
10b 



4Qa 




[Drawing 2] 

6§<1 66b S 66a 54 52 66c 66e 




[Drawing 31 
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[Translation done.] 
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